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SPECIAL-PURPOSE LANGUAGE 
FOR LEAST-SQUARES FITS 

by 

Marian Gabriel 

I. INTRODUCTION 

This report descr ibes a problem-oriented language developed to 
deal with the following situation in the Digital Computing Center at 
Argonne: many of the routine problems coded by the Computing Center 
require l eas t - squares fits to data. That is , a scientific user has several 
sets of data that obey an algebraic equation depending on various pa ram
eters and relating one variable to the others and to the pa rame te r s . He 
wants to know which values of the paranneters give the best fit in the 
leas t - squares sense to his data. When such a problem a r i s e s , a p rogram
mer wri tes the necessary code to adapt one of several general least-
squares fitting procedures to the u se r ' s problem. The difficulty a r i se s 
when the user does not know exactly what function to use. He may origi
nally ask to have his data fitted, for instance, to y = ae ' ' " ' + be^z, where 
Xl, X2, and y a re observed and a, b, and c a re the fitting pa rame te r s . 
After seeing the resu l t s , he may decide that y = ae'-" ' + be^z + dxj would 
be bet ter . Still la ter , he may want to try several other forms. 

When this project was begun, each time the user wanted a change, 
he had to return to the p rogrammer who made the original adaptation. The 
progrannmer would then change the code appropriately. This system was 
unsuitable to everyone: to the p rogrammer , because the work is a complex, 
tedious, largely c ler ica l , uninteresting task; and to the use r , because pro
gramming was slow, impeding his r e sea rch , and expensive. What was 
needed was a simple way of specifying the function so that even a user who 
had hardly seen a computer could do it himself: in other words, a special-
purpose language was needed. This report descr ibes such a language for 
doing l eas t - squares fits to data. 

II. FORM OF THE LANGUAGE 

The first problem in defining such a language was to choose a fit
ting procedure with which it would work. The one chosen was Davidon's 
method' for minimizing a function of several var iab les . This method was 
chosen partly because it is the most comprehensive of the fitting procedures 
commonly used at Argonne, and partly because, as presently organized and 
coded, the problems of adapting it to be used as a l eas t - squares fitting 
p rocesso r a re the most inconvenient. 



The Davidon procedure finds a minimum of a given function of 
several variables . For a leas t -squares fit, the function to be minimize 
is the sum of the squared residuals , 

n 
F = ^ w.(fobs^-fcalci)^' 

i = i 

where n = the number of data points, fobsi = '^^ dependent variable at 
the ith observed point, fcalci = ^^e value of the function to be fitted at the 
ith point (e.g., if the fitting form is y = ax + b, where a and b a re param
e te r s , X the independent variable, and the ith observed point is (xi,f(jbsi)' 
then fcalc- = axj + b), and w- = the weight of the ith data point, often given 
by l / (er ror) .^ The Davidon program as currently used requ i res , at least, 
FORTRAN statements to evaluate the function F and its f irst part ial deriv
atives with respect to each of the fitting pa rame te r s . Statements to read 
the data and print the final resul ts are also required. 

The first part ial derivatives are given by the formula 

_ = ^ 2 w , ( f „ , 3 ^ - f , , , , J ^ - ^ — j . 

where p is a parameter . In the formulas for the function and its deriva
t ives, as in the reading and printing, many parts remain fixed from problem 
to problem. Once fcalc and Sf^alc/^P are defined, the same FORTRAN 
statements can be used to calculate F and d p / d p , no matter what fcalc and 
^^calc/^P a r e . Therefore the language was organized as a set of inserts 
into a fixed, precoded section of FORTRAN program. The entire section of 
program could then be executed easily with the current version of the Davidon 
procedure. (In pract ice , however, some of this version was rewritten to 
simplify the input.) 

III. INFORMATION SUPPLIED BY THE USER 

Once the form is chosen, it becomes possible to decide what in
formation the user must supply to process a part icular problem. To specify 
a function to be fitted, the user identifies all his symbols as names of 
p a r a m e t e r s , independent var iables , or the dependent variable. He gives 
the order in which numbers appear in his data points and the formula for 
his function. In the present version, he must specify the part ial derivative 
of his function with respect to each parameter . A more sophisticated user 
may inser t additional FORTRAN statements at six points in the precoded 
skeleton. To run a case once the function is defined, the user must give 
es t imates for each parameter along with data points, consisting of values for 
the dependent and independent variables and possibly weights or e r r o r s for 



each point. The processor then generates a valid FORTRAN code from the 
function definition and converts the parameter guesses and other data into 
acceptable input for the generated FORTRAN program. 

IV. PROGRAMMING THE PROCESSOR 

It was assumed throughout the programming task that people's time 
is always more valuable than nnachine t ime. Thus, although some care was 
taken to avoid gross inefficiencies, no special care was taken to make either 
the processor or the FORTRAN code generated maximally efficient. The 
3-7 min required to generate the FORTRAN code, compile it, and execute 
the Davidon procedure costs much less than even 2 days of a p rog rammer ' s 
t ime. 

The processor is divided into three sections: a t ransla tor , which 
generates the required FORTRAN code; a data processor , which rea r ranges 
all the numerical data into valid input to FORTRAN programs; and the 
Davidon procedure. 

P L / I was chosen as a programming language for the t ransla tor and 
data processor because it is an extremely convenient language for doing the 
kind of analysis required to interpret the u s e r ' s definitions and to generate 
the proper FORTRAN code. 

Because the Davidon procedure was written in FORTRAN, this lan
guage was used for the last step. 

V. ORGANIZATION OF THE PROGRAM 

The t rans la tor reads all the cards defining the function, identifies 
the purpose of each card or group of cards , marks each card image, and 
rear ranges the marked card images into the order in which they are needed 
by the program-genera t ing section of the t rans la tor . It then combines the 
precoded sections of the required FORTRAN code with statennents derived 
from the function definition to produce the finished code. Finally, the t r a n s 
lator passes the pa ramete r guesses and data, together with information 
about the handling of the data, to the data processor . 

The data p rocessor a r ranges the parameter guesses in an order and 
format acceptable as input for FORTRAN programs and provides es t imates 
of their standard deviations, if no such est imates were given. If the user 
wanted special reading techniques, the unaltered card images containing the 
data a re passed to the Davidon procedure. Otherwise, the data points a re 
counted and arranged in a standard form before the information is transnnit-
ted. The Davidon procedure is then called directly by the data p rocessor . 



(Appendixes A and B contain a more detailed description of the input. 
Appendixes C-F contain detailed descriptions of the programming.) 

To make the code easier to use and harder to a l ter , it is kept on 
a d i rec t -access storage device, such as a disk. Two cataloged procedures 
are provided for easy access to the processor . 

VI. RESULTS 

The processor has been in limited use for severa l months. It has 
saved programmer time and effort, but it is not yet entirely satisfactory 
for the following reason: Most users want graphs and extra calculations 
in addition to values of the fitting pa ramete r s and other standard informa
tion. Since these features must be incorporated by using FORTRAN-coded 
inser ts , a p rogrammer is still needed. Writing the inser ts is much easier 
than writing the FORTRAN to solve the entire fitting problem, but the 
average user cannot do it himself. 

The language can be extended to eliminate some of these problems. 
A statennent can be included to specify plotting, for example. And plans are 
being made to include a derivative taker which will analyze the u s e r ' s 
function and produce correc t FORTRAN statements for calculating the 
part ial derivatives of that function with respect to each fitting parameter . 



APPENDIX A 

Description of the Input 

1. General Principles 

Input is on cards or card images. 

Unless explicit instructions to the contrary are given, input may 
appear anywhere on a card. 

The equal sign ( = ) is used as a key word. Thus it should not be 
used except where specifically required. 

Names should not begin with the le t ters I, J, K, L, M, or N or end 
with the dollar sign ($). 

The word END, appearing in columns 1-3, indicates the end of a 
section of data or of a case. 

2. Minimal Input 

a. Function Definition 

The t rans la tor uses the following cards to generate a FORTRAN 
subroutine FCN$: 

1) A title identifying the function. This title must be the first 
card and is printed every time the program is run. 

The following cards may be in any order , but all must 
appear: 

2) The symbol PARAMETERS = , followed by a l ist of parameter 
names, each having at most six charac te r s . The names must be separated 
by commas. The list may occupy more than one card, but no name should 
appear more than once in the list. 

3) The symbol IV = , followed by a list of the names of the in
dependent var iab les . These names may have at most six charac te rs each 
and must be separated by commas. The list may appear on more than one 
card, but no name should appear more than once in the l ist . 

4) The symbol DV = , followed by the name of the dependent 
var iable . 

5) The symbol DATA=, followed by a list of independent and 
dependent var iable names in the order in which they appear in the data to 
be fitted. If weights a re given, the word WEIGHT appears in the list. If 
e r r o r es t imates a re given, the word ERROR appears in the list . 
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6) The f o r m u l a for the dependent v a r i a b l e . If DVNAME r e p r e 
s e n t s the n a m e of the dependent v a r i a b l e , th i s a p p e a r s a s DVNAME any 
va l id F O R T R A N f o r m u l a . It m a y occupy m o r e than one c a r d ; but if i t o e s , 
no con t inua t ion m a r k s of any kind should a p p e a r . The f o r m u l a m a y c o n t a m 
the n a m e s of the independen t v a r i a b l e s and p a r a m e t e r s . If a f o r m u l a for 
the p a r t i a l d e r i v a t i v e of th i s function wi th r e s p e c t to a p a r a m e t e r n a m e d 
P N A M E a p p e a r e d be fo re th i s f o r m u l a in the input , D P N A M E , deno t ing t h i s 
d e r i v a t i v e , m a y a l s o be u s e d . (See Append ix B for f u r t h e r n o t e s on 
F O R T R A N . ) 

7) F o r e a c h p a r a m e t e r , the p a r t i a l d e r i v a t i v e of the funct ion 
wi th r e s p e c t to that p a r a m e t e r . If P N A M E is the n a m e of the p a r a m e t e r , 
th i s d e r i v a t i v e a p p e a r s a s DPNAME= any va l id F O R T R A N f o r m u l a , wh ich 
m a y conta in n a m e s of p a r a m e t e r s and independen t v a r i a b l e s . T h e DVNAME 
and the D P N A M E ' s m a y a l s o be u s e d if the a p p r o p r i a t e f o r m u l a s have a l 
r e a d y b e e n g iven . The f o r m u l a m a y occupy m o r e than one c a r d , but e a c h 
d e r i v a t i v e should s t a r t on a new c a r d . 

8) An e n d - o f - s e c t i o n c a r d , con ta in ing the w o r d END in co l 
u m n s 1-3 and b l anks in a l l o t h e r c o l u m n s . T h i s c a r d m u s t follow the 
func t ion-def in i t ion c a r d s . 

b . Data for C a s e s 

1) The f i r s t c a r d m u s t be a t i t l e c a r d to ident i fy the c a s e . It 
i s p r i n t e d wi th the output for e a c h c a s e . 

2) F o r the f i r s t c a s e , an e s t i m a t e d va lue and p o s s i b l y a s t a n 
d a r d dev i a t i on for e a c h p a r a m e t e r . F o r c a s e s fol lowing the f i r s t , only 
t hose v a l u e s tha t differ f r o m the f i r s t c a s e m u s t a p p e a r . E a c h p a r a m e t e r 
e s t i m a t e m u s t a p p e a r on one c a r d . 

One of the fol lowing f o r m s is u s e d : 

a) If no s t a n d a r d dev i a t i on is spec i f i ed : 

P N A M E = v a l u e 

In th i s c a s e , a s t a n d a r d dev ia t ion of 0.1 of the va lue 
is a s s u m e d . 

b) P N A M E = v a l u e ; s t a n d a r d dev ia t ion 

c) P N A M E = v a l u e , CONSTANT 

In th i s c a s e , the va lue is he ld c o n s t a n t for the d u r a t i o n 
of the c a s e . 
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3) After the est imates for the pa ramete r s have been given, 
an END card (with END appearing in columns 1-3) must appear. 

4) The observed data to be fitted then follow. For each point, 
numbers must be in the order given in the statement DATA = , (as specified 
in 2.a.5) above. Each number must be separated from other numbers by 
at least one blank and may not contain embedded blanks. 

5) Two END cards must follow the last data card. If more 
cases are desired, more sets of cards (starting with the case title in this 
section) a re included. 

c. Job Control Cards Needed (to run on System 360 50-75 under 
ASP). 

1) To compile the FORTRAN subroutine FCN$ and run one 
or more cases , the following job control cards are needed: 

/ * S E T U P D D N A M E = P R G G , D E V I C E = 2 3 1 4 , I D = O D D J O B 

/ / E X E C V M M C L G 

/ / G O . S Y S I N D D •* 

Dataas described above-

/* 

Punched cards containing the names of the pa ramete r s and other informa
tion are always produced in this p rocess . • 

2) To compile and run as above and to get an object deck of 
the FORTRAN subroutine, the following job control cards are needed: 

/ •SETUP DDNAME=PRGG,DEVICE = 2 314,ID=ODDJOB 

/ / E X E C V M M C L G , P A R M . F T H = ' D E C K ' 

/ / G O . S Y S I N D D * 

Data cards as described in a and b above. 

/* 

The s t ructure of the punched deck is as follows: 

a) Header card. 

b) Two to five cards always obtained from the special 
purpose compiler when a FORTRAN program is 
generated. 
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c) Object deck for the generated FORTRAN subroutine 
FCN$. This part of the punched output contains the 
characters FCN$ in columns 73-76 and a i°^^-ff'' 
sequence number, starting with OOOO , in columns 77- 80. 

d) Header card. 

Only the object deck is v: Ud input to the linkage editor. 
Occasionally, because of a human or operat ing-system 
e r r o r , the extra cards described under b) a re not r e 
turned with the deck. If this happens, the simplest 
thing to do is to run the program again without the 
P A R M . F T H = ' D E C K ' option, i .e. , as in Pa r t 1) above. 

3) To execute the program using the object deck obtained in 
Pa r t c), the following cards are needed; 

/ •SETUP D D N A M E = L I B , D E V I C E = 2 3 1 4 , I D = 0 D D J 0 B 

/ / EXEC VMMLG 

/ / E D T . S Y S I N DD * 

Object deck from Par t 2) above. 

/ / G O . S Y S I N DD * 

a) The two to five cards obtained when the FORTRAN 
program was generated. 

b) Case definition data given under Pa r t b , "Data for 
Cases " above. 

/* 

3. Sample Case Using Minimal Input 

Suppose it is desired to find the values of a and b that give the best 
l eas t - squares fit of y = ax + b to the following sets of data: 

Case 1 y 

-1.0 
-0.8 
- 0 . 2 6 

0.4 
1.2 
1.9 
2.6 

X 

0.0 
0.2 
1.0 
2.0-
0.3 
4.0 
5.0 

E r r o r in y 

0.02 
0.03 
0.01 
0.04 
0 .03 
0.02 
0.01 
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C a s e 2 y 

- 1 . 0 
- 1 . 4 
- 1 . 8 
- 2 . 2 
- 2 . 7 

X 

0.0 
1.0 
2.0 
3.0 
4.0 

E r r o r in y 

0.01 
0.01 
0.02 
0 .03 
0.06 

The e n t i r e input m i g h t look l ike th i s (each l ine is a c a r d ) : 

J O B c a r d 

Accoun t ing c a r d 

/ * S E T U P D D N A M E = P R G G , D E V I C E = 2 3 1 4 , I D = 0 D D J 0 B 

/ / E X E C VMMCLG 

/ / GO.SYSIN DD * 

LINEAR FIT T O S A M P L E DATA 

P A R A M E T E R S = A , B 

IV=X 

DV=Y 

DATA=Y,X,ERROR 

Y=A*X+B 

DA=X 

DB=1. 

END 

CASE 1 

A=.833 

B=- 1.0 

END 

- 1 . 0 
- 0 . 8 
- 0 . 2 5 

0.4 
1.2 
1.9 
2.6 

END 

END 

0.0 
0.2 
1.0 
2.0 
0 .3 
4 .0 
5.0 

0.02 
0 .03 
0.01 
0.04 
0 .03 
0.02 
0.01 
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CASE 2 

A=-.4 

END 

-1.0 
-1.4 
-1.8 
-2.2 
-2.7 

END 

END 

/* 

0.0 
1.0 
2.0 
3.0 
4.0 

» 

0.01 
0.01 
0.02 
0.03 
0.06 

After an object deck for the FORTRAN subroutine has been obtained, 
the following input deck is used: 

JOB card 

Accounting card 

/ •SETUP DDNAME = LIB,DEVICE = 2 314,ID = ODDJOB 

/ / EXEC VMMLG 

/ / E D T . S Y S I N DD* 

Object deck as described under c.2)c) above. 

/* 
/ / G O . S Y S I N DD * 

Extra cards generated by a run above, described 
under c.2)b) above. 

CASE I 

A=.333 

B = -1.0 

END 

Data as before, ending with 

END 

END 

/* 
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4. Expanded Input 

The following statements may appear in the function definition sec
tion of the input. Except for the DATA = INSERT option, which replaces the 
DATA=list statement, these statements appear in addition to the function 
definition cards described under "Minimal Input." 

a. DATA FORMAT Option 

A user may, if he wishes, give his own FORTRAN format for 
reading the observed data. The statement for specifying the format is 

DATA FORMAT = any valid FORTRAN format. 

The format may be continued on more than one card. The equal 
sign is optional here; the compiler supplies enclosing parentheses for the 
format. This statement causes information for each data point to be read 
according to the given format in the order specified in the statement 
DATA=list. WARNING. This option is extremely slow. If at all possible, 
the format specification should be omitted or a DATA = INSERT option used. 
(See Par t c below.) 

b. FORTRAN Inserts 

A programmer may insert FORTRAN statements at six 
"break points" in the subprogram FCN$. 

I) The form of the inser ts is: 

Column Description 

1 An integer from 0 to 5 indicating the placement of the inser t . 
("C" for comment may also be included if it immediately follows 
a numbered insert . ) 

2-80 Valid FORTRAN statement. To avoid duplicate statement num
b e r s , u s e r ' s statement numbers should be between 100 and 999. 
User ' s names known to the program are the names of the depen
dent variable , independent var iables , and pa rame te r s . D followed 
by a parameter name is the derivative of the u s e r ' s function with 
respect to that parameter . AU other names should be defined by 
the use r . No name should end with $. 

When the card image is inserted, the integer in column 1 is replaced by a 
blank. The rest of the card image is not changed in any way. 
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2) The six inserts are : 

Insert Level Placement and Contents 

0 These cards are placed between a DIMENSION and a DATA 
statement and therefore must contain s imilar nonexecutable 
statements. 

1 These cards are placed immediately after the reading of the 
fitting data and are executed only once for each case . Extra 
data may be read here. If extra data are present , they must 
appear immediately before the last END statement. 

2 This set of statements is executed once each time FCN$ is 
called. It precedes the loop defining the sum cf the squared 
residuals and its first partial derivatives. 

3 These statements are internal to the loop defining the sum 
of the squared residuals. Their exact placement depends 
partly on the order, relative to the function definition and 
derivative statements, in which they appear in the input. 
Thus, 

3 P^EXP (Z*5.) 

DVNAME =P+2 

DZ = 5.*P 

3 Q=5,+6.*A 

is compiled: 

P=EXP (Z*5.) 

Y$=P+2. (for dependent variable definition) 

GGG$(1) = 5.*P (if Z is the first parameter ) 

Q=5.+6.*A 

In any case, however, cards for Insert 3 appear before the 
sum of the squared residuals and the derivatives of the sum 
are defined. The statements DVNAME= and DPNAME= may 
be omitted from the function definition if the value of the 
function and its part ial derivatives are given with Insert 3 
cards . 

4 These inser ts appear after all calculations and printing for 
a case a re completed. The statements are executed once 
for each case . 

5 These statements are the last to appear in the generated pro
gram (except for RETURN and END and also some formats) . 
They are executed onceafter all the cases have been completed. 
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3) Inserts of a part icular level appear in the code in the same 
order they appeared in the input s t ream. For example, suppose the fol
lowing cards appear in the input: 

1 LEVEL 1, CARD 1 

2 LEVEL 2, CARD 1 

1 LEVEL 1, CARD 2 

3 LEVEL 3, CARD 1 

3 LEVEL 3, CARD 2 

2 LEVEL 2, CARD 2 

These appear as follows: 

Block of code preceding place for Insert 1 

LEVEL 1, CARD I 

LEVEL 1, CARD 2 

Code between place for Insert 1 and place for Insert 2 

LEVEL 2, CARD 1 

LEVEL 2, CARD 2 

Code between place for Insert 2 and place for Insert 3 

LEVEL 3, CARD 1 

LEVEL 3, CARD 2 

rest of code 

Insert cards may appear anywhere in the function definition 
section after the title and before the END card. 

4) WARNING. Because of the way the job steps are organized 
and the data processed, the step name of the job step in which the Davidon 
procedure is actually executed is different in the procedures VMMCLG and 
VMMLG. Thus, DD cards referring to extra data sets used on these inser ts 
will have ddnames qualified by different stepnames in the two procedures . 
For example, suppose plotting is desired. The deck s t ruc tures , including a 
DD statement for a Calcomp tape, are as follows; 

a) To generate a FORTRAN code and execute: 

/••SETUP DDNAME=PRGG,DEVICE=2314,ID=ODDJOB 

/••SETUP DDNAME=PLOTTAPE,DEVICE =2400-7,ID = (,,SAVE,NL) 



/ / EXEC VMMCLG 

//GO.SYSIN DD •• 

Data to generate FORTRAN code and execute. 

/* 
/ /RUN.PLOTTAPE DD DSNAME=PLOT780,DISP=(NEW,KEEP), C 

/ / UNIT = (2400-2,,DEFER),LABEL = (,NL) 

/* 

b) To execute, using an object deck for the generated FORTRAN 
code: 

/*SETUP DDNAME = LIB,DEVICE=2314,ID=ODDJOB 

/*SETUP DDNAME=PLOTTAPE,DEVICE=2400-7,ID = (,,SAVE,NL) 

/ / EXEC VMMLG 

//EDT.SYSIN DD * 

Object deck. 

/ / G O . P L O T T A P E DD DSNAME=PLOT780,DISP = (NEW,KEEP), C 

/ / UNIT = (2400-2,,DEFER),LABEL = (,NL) 

//GO.SYSIN DD •* 

Data as appropriate for executing the program using an 
object deck. 

/* 

Thus, for a compilation the stepname is RUN, and cards referring to it 
ioUow the data. For execution from an object module, the stepname is GO, 
and cards referring to it immediately precede the data. 

c. DATA=INSERT Option 

A programmer may use Insert 1 cards to write his own READ 
statements for the observed data by replacing the statement DATA=list with 
the statement DATA=INSERT. DATA=INSERT causes the t ranslator to omit 
the usual FORTRAN statements for reading the observed data. Some va r i 
able names that may be useful in programming appropriate READ statements 
are: 
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IN$ Input "tape number " - - se t to 5 

ND$ Number of data points- -se t to 1000 

YD$(I) Value of the dependent variable for the Ith data point. 
This a r r ay is dimensioned by 1000. 

XD$(J,1) Value of the Jth independent variable for the Ith data 
point. J is determined by the var iable ' s position in 
the list following IV = . This a r r ay is dinnensioned 
XD$(20,1000). 

W$(I) Weight of the Ith data point. This a r r ay is dimen
sioned W$(1000). 

When the DATA=INSERT option is used, only one END card follows the data 
for each case . 
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A P P E N D I X B 

Notes on the FORTRAN Language 

1. F o r m of FORTRAN S ta t emen t s 

T h e s e no tes a r e not in tended to be a c o m p l e t e d e s c r i p t i o n of the 
FORTRAN language but only to help a u s e r p r e p a r e '"^"^"^^l ; " ? " ' - .^""^ 
fu r the r in fo rmat ion , the u s e r i s r e f e r r e d to the following IBM OS/360 
pub l i ca t ions : 

F o r m C28-6515-4 F o r t r a n IV L a n g u a g e 
F o r m C28-6602 F o r t r a n IV (H) P r o g r a m m e r ' s Guide 

FORTRAN s t a t e m e n t s for the m i n i m a l input wi l l c o n s i s t of combina 
t ions of cons t an t s and the n a m e s of the dependen t v a r i a b l e s , independen t 
v a r i a b l e s , and p a r a m e t e r s . 

A cons tant c o n s i s t s of one t h r o u g h s e v e n d e c i m a l d i g i t s . It m u s t in
clude a dec ima l point and m a y be fol lowed by an exponen t . The exponent is 
ind ica ted by wr i t ing E , followed by a s ign , fo l lowed by two d i g i t s . A con
stant m u s t be z e r o or e l s e m u s t have a b s o l u t e va lue f r o m 1 6 " ' ' t h rough 16^'. 
It m u s t not contain embedded c o m m a s . 

E x a m p l e s : 0.0 
- 5 . 3 

2. 
562.E+03 (Th i s , of c o u r s e , i s 562. x 10^) 
- 4 9 . 2 E - 5 2 

The following o p e r a t o r s m a y be u s e d : 

Operator 
• » 

• 

/ 
+ 
-

Definition 

Exponentiation 

Multiplication 

Division 

Addition 

Subtraction 

The following r u l e s app ly to c o m b i n a t i o n s of v a r i a b l e s , c o n s t a n t s 
and o p e r a t o r s : 

a. All o p e r a t i o n s m u s t be exp l i c i t ly s ta ted . Wri t ing AB wil l not r e 
sult in the p r o d u c t of A and B . T h i s p roduc t is ca lcu la ted only when A*B 
is w r i t t e n . 
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b. No two operators may appear in sequence. Thus, A'^-B is not 
a valid combination. To obtain the product of A and -B , A*(-B) must be 
writ ten. 

c. If there are no parentheses or if the expression or subexpres
sion is enclosed entirely in a pair of parentheses , operations are performed 
in the following order: 

1) Evaluation of functions (see Pa r t 2 of this appendix) 

2) Exponentiation (*•*) 

3) Multiplication and division 

4) Addition and subtraction 

Except for exponentiation, operations of the same level a re 
performed from left to right. Thus A / B * C is evaluated by first dividing 
A by B, then multiplying the result by C. 

Example: E + C ' * A / B * * D is evaluated as follows: 

1) Calculate B'**D (call this X : E + C * A / X ) . 

2) Calculate C'*A (call this Y : E + Y / X ) . 

3) Calculate Y / X (call this Z:E+Z). 

4) Add E to Z. 

Exponentiation is done from right to left. Thus A'*̂ *B*̂ *C is 
evaluated as follows: 

1) Calculate B*̂ *C (call this result X). 

2) Calculate A*'*X. 

d. Paren theses may be used to specify the order in which opera
tions occur. An expression within parentheses is evaluated before the 
result is used. 

2. Commonly Used Functions 

The functions in Table I a re supplied by IBM and may be of interest 
to the u se r s of this t rans la tor . All functions a re writ ten as follows: 

If FNAME is the function name and ARNAME is the name of its 
argument, the function is writ ten FNAME (ARNAME). If there is more than 
one argument, the arguments a re separated by commas. In the table, the 
argument is designated by "arg ." If there a re two arguments , they are 
designated arg) and arg^, and the function is designated FNAME(argi, arg^). 
Function names must appear exactly as given in the column "Function Name. 
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T A B L E I. Func t ion C o m m o n l y Used in F O R T R A N 

Func t ion 

Exponen t i a l 

N a t u r a l l o g a r i t h m 

C o m m o n l o g a r i t h m 

A r c s i n e 

A r c c o s i n e 

A r c t a n g e n t 

T r i g o n o m e t r i c s ine 

Func t ion 
Name 

DEXP 

DLOG 

DLOGIO 

DARSIN 

DARCOS 

DATAN 

DATAN2 

DSIN 

Defini t ion 

eai-g 

In(arg) 

logio(arg) 

a r c s i n ( a r g ) 

a r c c o s ( a r g ) 

a r c t a n ( a r g ) 

a r c t a n ( a r g i / a r g 2 ) 

s i n ( a r g ) 

N u m b e r of 
A r g u m e n t s 

1 

1 

1 

1 

1 

1 

2 

1 

(Argument in r a d i a n s ) 

T r i g o n o m e t r i c cos ine DCOS 

(Argument in r a d i a n s ) 

T r i g o n o m e t r i c tangent DTAN 

(Argument in r a d i a n s ) 

T r i g o n o m e t r i c cotangent DCOTAN 

(Argument in r ad i ans ) 

Square root DSQRT 

Hyperbol ic tangent DTANH 

L a r g e s t va lue DMAXl 

S m a l l e s t va lue DMINl 

Absolu te va lue DABS 

Hyperbo l ic s ine DSINH 

Hyperbol ic cos ine DCOSH 

i rg ) 

c o t a n ( a r g ) 

(arg) '^^ 

t a n h ( a r g ) 

m a x ( a r g i , a r g 2 . . . ) 

m i n ( a r g i , a r g 2 , . . . ) 

| ( a rg ) | 

s i n h ( a r g ) 

c o s h ( a r g ) 

1 

1 

a 2 

a 2 

1 

1 

1 
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APPENDIX C 

Programming Notes and Flow Charts 

The processor consists of three main programs: VMMTR, DATAPR, 
and DVDN, of which the first two are in P L / I and the third is in FORTRAN IV. 

1. VMMTR 

VMMTR is the FORTRAN-writing code. After defining various 
a r r ays and reading the title card, VMMTR calls three routines to read and 
sort all the function definition cards . (The sorting was added after the code 
was written, when it was discovered that neither I nor any of the users could 
remember the order of input required by the t ransla tor . ) 

a. Routines Used 

(1) Sorting Routines. The sorting routines are CLASS, STORE, 
and BUBBLE. Their functions a re as follows: 

(a) CLASS. This routine reads and counts the function 
definition s tatements . By using keywords (such as DATA, PARAMETERS, 
and IV) and inser t numbers , it classifies each card, determining whether it 
is the list of parameter names, the list of independent variable names, or 
other such information. If the card contains an " = " sign but the string on 
the left side (with blanks omitted) is not a key word, the card is assumed 
to contain a fornnula for the dependent variable or its part ial derivative 
with respect to one of the pa rame te r s . If it does not contain an " = " sign 
and is neither an inser t card nor a DATA FORMAT card, it is assumed to 
be a continuation of the preceding card. After a card has been classified, 
the card image and a tag a re stored in an a r ray of character strings each 
81 charac te r s long, with the tag as the first character and the card image 
as the res t . The tags a re arranged in collating sequence; that is, the tag 
for the parameter list, for instance, is represented in the computer as a 
smal ler number than any of the other tags. Storage for this a r ray is al
located 100 str ings at a time, and the tagged card images are stored as a 
"push-down stack." Thus at the end of CLASS the tagged card images a re 
arranged in blocks of 100, with the first card read in the 100th location 

of the block farthest down the stack. (See Flow Chart I in Par t 4 of this 
appendix.) 

(b) STORE. This routine allocates enough storage for all 
the card images in a new ar ray , called CLST, and s tores the images with 
the first one read in location 1. It also frees all the storage allocated in 
CLASS. (See Flow Chart 2 in Pa r t 4 of this appendix.) 
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(c) BUBBLE. This routine uses a "bubble-through" 
sorting technique to arrange the tagged card images in the proper order 
for use by the res t of the code. The technique works as follows: Starting 
with the last card, it compares the tag of each card with the tag of the 
card immediately preceding it. Whenever a card has a tag that is less 
than the tag of its predecessor, the two cards are swapped so that the card 
with the smaller tag appears before the one with the larger tag. The a r r ay 
is scanned repeatedly until a scan occurs in which no swaps are made. 
(See Flow Chart 3.) 

(2) Routines from Chemical Equation Translator . A number 
of the string analysis and output routines were first written for the Chemical 
Equation Translator, 08T7019, and are documented in the report on that 
program. ' They are RDCD, PNCH, CAT, and ORDER. (ORDSP in 08T7019 
was renamed ORDER.) (See also Appendix E.) 

(3) Changes to Built-in Routine SUBSTR. While VMMTR was 
being developed, the implementation of the built-in function SUBSTR was 
changed so that some of the calls were no longer correct . It seemed easier 
to change the definition of SUBSTR than to find all the incorrect cal ls . 
Therefore a special SUBSTR was written to correc t the calls and then call 
the built-in SUBSTR. 

b. Body of VMMTR 

The rest of VMMTR is concerned with generating the FORTRAN 
subroutine FCN$ as a set of card images and writing them on a file PROG. 
A fixed skeleton FCN$ contains seven sections which are stored on a disk in 
a file RDFILE and written on PROG by procedures BLOCKl through BLOCK7. 
$ is used as a suffix on all the variable names in the skeleton FCN$ so that 
the user ' s names will be different from those in the fixed part of FCN$. 

After the first fixed section of FCN$ is placed on PROG, the 
lists of names are analyzed by using ORDER. The first variable section 
of FCN$ is then constructed. In addition to an Insert 0 if present, the 
section consists of a DATA statement, which sets up an a r ray of parameter 
names for printing, and an EQUIVALENCE statement, which assigns the 
user ' s names for independent variables, the dependent variable, parameters , 
and derivatives to the same storage locations as the corresponding names 
m the skeleton FCN$. The technique for generating these statements is 
used throughout VMMTR to generate l is ts . Usually the identifying marks 
(such as EQUIVALENCE) are stored in a character string CARD, and the 
first Item in the list is added. Then for each succeeding item in the list, 
the procedure CAT is called to add the text ",item" to the charac ters i n ' 
CARD and to ensure that all FORTRAN text appears in charac ters 1-72 
of CARD, with continuation marks as needed. Thus loops for generating 
lists often appear with indices from 2 to the number of i tems. (See Flow 
Chart 4.) 
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After the nonexecutable s tatements , a FORMAT is constructed 
to print the general title, and BLOCK2 is called to put the next fixed section 
of FCN$ on PROG. The next variable section concerns the READ statement 
for the data to be fitted. 

The list associated with the statement DATA= is analyzed by 
using ORDER, and the names are stored in an a r ray TNAMES. If the 
statement is DATA=INSERT (i.e., if TNAMES(1 )=INSERT) the construction 
is omitted. Otherwise, the next card image is checked to see whether it 
is a DATA FORMAT specification. If not, a READ statement is constructed, 
using the l is t-generat ing ideas described above. (See Flow Chart 5.) 

The format chosen is 6E12.0, and the data processor will count 
the number of data points and rear range the data in that format. If a DATA 
FORMAT card is present , counting points becomes much more complicated. 
The difficulty occurs because there is no easy way for the data processor 
to tell where one number ends and the next begins. If no format is specified, 
the data p rocesse r uses a GET LIST, which t rea ts blanks as separating 
charac ters , to read all the nunnbers associated with one point. But here 
there may be blanks embedded in a number or no blanks anywhere. Short 
of programming a section of the P L / I code to analyze the FORTRAN format, 
there seemed to be no way out except to count the points in the FORTRAN 
code. So this is done by reading each card with a format 20A4, and testing 
to see whether columns 1-3 contain the word END. If they do, the reading 
is finished. Otherwise, the file containing these cards is backspaced one 
record, and the data a re read using the specified format. (See Flow Chart 6 
for the logic of this process . ) 

* 
Note that this descr ibes a process in the FORTRAN code, not 

a process for generating something in the FORTRAN code. Since the pr imary 
input s t ream cannot be backspaced, the card images containing these data 
are kept on a separate unblocked file. 

Once the possible format is taken care of, a READ statement is 
constructed. If e r r o r s a re to be read, code is generated to convert them to 
weights, while saving the original values. If there is an Insert 1, it appears 
after the READ statement. BLOCK3, Insert 2, and BLOCK4 follow in that 
order . 

The next variable section of code occurs in the middle of the 
inner loop where the sum of the squared residuals and its part ial deriva
tives a re calculated. Here there a re a number of card images all tagged 
"Insert 3": the formula for the dependent variable, formulas for its 
derivative with respect to each parameter , continuations of these cards , 
actual inser t s of Level 3. Each is interpreted and inserted in the code 
in the order in which it occurs . Inser ts are marked 3, 4, or 5 in column 2 
of the tagged card image. (That is a column 1 of the card as read.) 
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If the card is not an insert and an equal sign appears on it, the character 
string on the left, with blanks removed, is compared with the dependent 
variable name and with the character D followed by each parameter name. 
If the string is one of these names, it is rearranged to occupy columns 7-72, 
continuation marks are added if necessary, and the statement is inserted in 
the code. If the string is not one of these names, it is an undefined symbol, 
and processing is terminated. No check is made to determine whether all 
names have appeared. If no equal sign appears, the card is assumed to be 
a continuation. 

The bit string CATCALL is set "true" whenever CAT is called. 
This is done because CAT, after checking the length of a string, writes the 
first 72 characters on PROG if the total length was more than 72 characters . 
It writes out neither the continuation string nor initial s tr ings of less than 
72 characters . Therefore, after CAT has been called, a statement CALL 
PNCH must be used to put the last card image on PROG. This middle sec
tion may be terminated in one of two ways: (1) All the input cards have 
been analyzed, or (2) there is an Insert 4 or 5. Either occurrence signals 
the end of the variable section of the inner loop, and the program proceeds 
to the last section of the translator. (See Flow Chart 7 for the logic of 
this process.) 

In the last section of the code, BLOCK5 and Insert 4 if present 
are put on PROG. MKFMT (see Flow Chart 8) is called to construct a 
format for printing a heading for the output, containing the use r ' s names 
for the various quantities. BLOCK6, Insert 5 if present , and BLOCK7 are 
then put on PROG. Finally, a procedure DTPR generates card images con
taining information needed by the data processor : a list of the parameter 
names, the number of items needed to specify a data point, and numbers 
set to 0 or 1 depending on whether there is a data format or a DATA=INSERT 
specification. These card images are put on a file CDFILE and are also 
punched out. The rest of the data is put on CDFILE after the above card 
images. 

2. DATAPR 

DATAPR, the data processor , r ea r ranges the data into a form 
acceptable to FORTRAN. The first section of the code reads information 
from VMMTR and the title, and deals with the parameter guesses and 
standard deviations. For the first case, values of these are stored in 
arrays GUESSF, for the guesses , and SDF, for the standard deviation. 
If no standard deviation is given, the value is set at -1.0; if the word 
CONSTANT appears, the value of the standard deviation is set to zero. 
(Because P L / I truncates rather than rpunding, 0.000001 of each value 
is added to the value, so that 3. appears as 3.0, not as 2.99999.) The 
numbers in the a r rays a re stored in the order in which they appeared on 
the card PARAMETERS= when FCN$ was generated. After GUESSF and 
SDF are defined, a r r ays for the current case GUESS and SD are defined. 
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For each case, values are the same as for GUESSF and SDF, except 
when a card containing new guesses is present . Process ing of parameter 
cards is finished when a card not containing an equal sign is found. This 
card should be blank or contain the work END. It is not interpreted as the 
first data card. For each I from 1 to the number of pa ramete r s , GUESS(l) 
and SD(I) are put on a file CDFILE in a format 2 E(12,5), X(56). This co r r e 
sponds to a FORTRAN format of 2E12.5. The statement PUT FILE (CDFILE) 
EDIT (BL) (X(55),A(1)); allows for the 56 blanks after the last parameter 
guess, so that the data to be fitted s tar t s on the next "card," not on the last 
half of the old one. 

The data to be fitted a re rearranged in one of three ways, de
pending on whether there is a data format, a DATA=INSERT statement, or 
neither of these. If there is a data format, the number of points is set to 
1000. The cards for the case, through and including the first END, are read 
and output, without change or interpretation, on an unblocked file XTFILE. 
Any extra data a re put on CDFILE, which becomes logical unit 5 in the 
FORTRAN step. The second END at the end of the case is omitted. 

If reading is done with an insert , the number of data points is again 
set to 1000. The res t of the cards containing data for the case are read 
and written, exactly as they are , on CDFILE. For this option, there is 
only one END card to mark the end of the case. It is not written on CDFILE. 

When there is neither a data format nor a DATA=INSERT statement, 
the number of points is actually counted. NUM, the number of i tems that 
define each data point, has been read by the data processor . A GET LIST 
statement is used to read the numbers from cajds , NUM at a t ime, and 
convert them to floating-point decimal representation. A counter is in
creased by 1 each time the GET LIST is executed; O.OOOOOI of each value 
is added to the value; and the numbers are put on a temporary file TEMP 
in the format 6 E(12,5), X(8). The process of reading, converting, and 
writing continues until the word END is encountered. Attempting to con
vert this to floating-point decimal representat ion causes a conversion 
interrupt, which signals the end of the section. Now the number of points 
is written on CDFILE, followed by a blank character , in the format F(6,0), 
X(73), A(l). The card images a re read from TEMP and written on CDFILE. 
Any extra cards , not including any END cards , are now written on CDFILE. 

At the end of the data processor , control is t ransferred directly to 
the variable metr ic minimization procedure by the statement CALL DVDN. 
This FORTRAN code has previously been compiled as a main program, to 
allow the proper handling of interrupts , with a NAME=DVDN option. All 
information is passed through peripheral devices. The direct t ransfer means 
that the job (with a FCN$ generation) proceeds as follows: 



28 

a. Execu te VMMTR to g e n e r a t e FCN$. 

b. Compi le FCN$. 

c. Link edi t the data p r o c e s s o r , the v a r i a b l e m e t r i c p r o c e d u r e , 

and FCN$. 

d. Execu te DATAPR. 

e. Execu te the v a r i a b l e m e t r i c p r o c e d u r e . 

3. DVDN 

DVDN is the v a r i a b l e m e t r i c m i n i m i z a t i o n p r o g r a m d e s c r i b e d in 
Ref. 1. Appendix B of this r e p o r t g ives the l i s t ing for the v e r s i o n c u r r e n t l y 
used . 

4. Flow C h a r t s 

Blocks of flow c h a r t s ( F i g s . 1-8) occupying m o r e than one page a r e 
n u m b e r e d on the lef t -hand s ide of each page . W h e r e t h e r e i s m o r e than one 
block on a l ine, the b locks a r e n u m b e r e d f rom left to r i gh t . F low of logic 
between pages is given by an off-page c o n n e c t o r s y m b o l : 

i n d i c a t e s that c o n t r o l c o m e s f rom a 

block n u m b e r e d S; i nd i ca t e s flow 

of con t ro l to a block n u m b e r e d D. 
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BLOCK 
NUMBER 

^ 

A L L O C A T E 
CDAR(IOO) 
CHAR(81) 

NCDS=100 
NRD = 0 
ADCHAR = PARAMETERS 

I— GE T C D '— 

GET EDIT(CARD2) 
(A(80)) 

NRD = NRD + 1 
CH = 
S U B S T R ( C A R D i . l . l ) 

ADCHAR = INSERT-0 
CDAR(NCDS) = 
(ADCHARI [CARDZ) 

^ 

<3 

^ 

Fig. 1. Flow Chart 1, for CLASS 
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BLOCK 
NUMBER 

^ 

i)i) 

Test for CH = ' l ' to 
14' as for ' 0 ' . 
ADCHAR is INSERT-1 
through INSERT-4, 
depending on value 
of CH. T rans fe r as 
for ' 0 ' . 

If ADCHAR IS 
INSERT. 1 through 
INSERT-4 

€> 
If ADCHAR is not INSERT-1 through INSERT-4 

ADCHAR = INSERT-5 
CDAR(NCDS) = 
( A D C H A R | | C A R D 2 ) 

CDAR(NCDS) = 
(ADCHAR|tCARD2) 

INDEQ = 
INDEX(CARD2, 

NSTR = (0)' ' 
DO 1 = 1 TO 80 

CH = 
SUBTR(CARD2,I , ] ) 

^ 

^ 

Fig. 1 (Contd.) 
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BLOCK 
NUMBER 

^ 

23 

26 

27 

ADCHAR = DATAFMT 
ISTR = I+I 
CDAR(NCDS)=ADCHAR 
ISUBSTR 

(CARD2.ISTR.80) 

CDAR(NCDS) = 
(ADCH.'iR!:CARD2) 

C A L L RDCD 
(LSTR.RSTR. 
NSTR.CARD2) 

A D C H A R = PAR,JVMETERS 
C D A R ( N C D S ) = 
( A D C H A R I I R S T R N N S T R ) 

Fig. 1 (Contd.) ^ 
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BLOCK 
NUMBER 

(h 

9 
11 
13 

V 

In the s ame way as 
for ' PARAMETERS ' , 
check whether 
LSTR is ' I V ' . ' D V , 
or 'DATA'; set 
ADCHAR to IV.DV, 
or DATA, depending 
on value of LSTR. 
Set up CDAR(NCDS) 
and t r ans f e r to CKNCD 

If LSTR is ' I V ' . ' D V 

If LSTR is not ' I V ' . ' D V , or 'DATA' 

ADCHAR = DATAFMT 
CDAR(NCDS) = 
( D A T A F M T I I 
S U B S T R ( C A R D 2 . 
INDEQ+1,80)) 

ADCHAR = INSERT-3 
CDAR(NCDS) = 
(ADCHAR1JCARD2) 

ALLOCATE 
CDAR(100)CHAR(81) 
NCDS^IOO 

Fig. 1 (Contd.) 
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NAL=NRD+1 
ALLOCATE 
CLST(NAL)CHAR{8i; 
K=NCDS 

DO I=NRD 
TO 1 BY -1 

I 
K = K+1 

KO 

CLST(I ) = 
CDAR(K) 

F R E E CDAR 
K=0 

END 

RETURN 

Fig. 2. Flow Chart 2, for STORE 
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D E C L A R E SWAP 
BIT(8) INIT( 'O 'B) , 
TRUE BIT(8) 
I N I T ( ' l ' B ) , 
F A L S E BIT(8) 
INIT( 'O 'B) 

, — S W P L P -

DO I=NCDS TO 2 
BY -1 

T E M P = CDAR(I -1) 
CDAR(I-1)=CDAR(I) 
CDAR(I )=TEMP 

S W A P = T R U E 

E N D 

SWAP= F A L S E 

SWAP = T R U E ^ ' ^ NO 
R E T U R N 

Fig. 3. Flow Chart 3, for BUBBLE 
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CARD=BLNK| | 
'EQUIVALENCE(Y$, 
11 D V N A M E II ' ) ' 

DO 1=1 
TO NPAR 

I 
C A L L CAT 
( ' , P $ ( ' | | I | | ' , ' | | 
PNAMES( I ) I | ' ) ' 

C A L L CAT( ' ,GGG$( ' 
I | | ' ) ,D ' | |PNAMES(I ) | 
•}') 

END 

DO 1=1 
TO NIV 

CALL CAT(',X$(' | | 
I | | ' , ' | | IVNAMES(I)| 
' ) ' ) 

END 

C A L L PNCH 
Fig. 4 

Flow Chart 4, List-generating Logic: 

The EQUIVALENCE Statement 
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BLOCK 
NUMBER 

1 

RSTR-SUBSTRICLSTIICD).2,8 
CALL ORDERINUM.TNAMES, 
RSTRI 

Print error 
message 

• / S T O P ) 

CARD-BLNKII 
•D0 13II$-1,ND$ 
CALL PNCH 

CARD-BLNKII 
'READIIN$,1003)' 

ICD-ICDtl 
CH-SLIBSTRICLSTIIC0),1,1) 

Generate 
code to 
save errors 
or weights 

RINSRT= 
T B 

Generate special code 
for counting points 

CARD=BLNKI| 
'REA0(IBUF$,I003I' 

- E > 

Fig. 5. Flow Chart 5, Constructing the READ Staten 
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BLOCK 
NUMBER 

20 

CALL CAT 
( 'YD$(II$I ' ) 

m 

23 

24 

DO J = 1 T 0 N I V 
WHILE(IVNAMESIJ) 
*TNAMES(1)1 
END 

CALL CATI'XD$(' 
IIJII',II$)'I 

r-LOOP-

^ 

Fig. 5 (Contd.) 



BLOCK 
NUMBER 

Continue testing TNAMESd) exactly 
as TNAMESd). Add 
',XD$('IIJir, l l$)' depending on 
the value of TNAMESII). 

30 

END LOOP 

Construct FORMAT 
and rest of 
point-counting 
code if required 

J_ 
Next section, 

beginning with 
INSRTCK 

Fig. 5 (Contd.) 
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I B U F $ = I 

i i S = o 

R E A D ( 1 B U F $ , 1 0 B 0 ) BFRj? 

1 0 5 0 F O R M A T ( 2 0 A 4 ) 

Y E S 

B A C K S P A C E 

I B U F $ 

II$=II$+1 

R E A D ( 1 B U F S , 1 0 0 3 ) l i s t . 

1 0 0 3 i s t h e f o r m a t g i v e n in t h e 

D A T A F O R M A T s t a t e m e n t 

NDS=IIS 

Fig. 6. Flow Chart 6. Counting Points in FCN$ 
When a Data Format Was Specified. 
This is a process in FCN$. 
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BLOCK 
NUMBER 

CALL PNCH 
CATCALL='0 'B 

CALL 
CDCHECK 

KP ^ 
NSTR = (0)' 

W 0 
Fig. 7. Flow Chart 7, Generating the Inner Loop in FCN$ 
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NUMBER 

41 

12 

13 

DO 1 = 2 TO 81 
CH = SUBSTR 
(CLST(NCD).I ,1) 

NSTR = NSTRiiCH 

CALL 
CAT(NSTR) 

LENCTH(NSTR) 

C A L L CAT(SUBSTR 
(NSTR.1,66)) 

' ' 
C A L L CAT(SUBSTR 
(NSTR.67.L)) 

YES —tf^^ L . 
^̂ ...̂ ^̂  

' ° ^~^> 

INO 

CALL 
CAT(NSTR) 

' ' 

OP 
Fig. 7 (Contd.) 
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BLOCK 
NUMBER ^ 

26 

ICD = ICD + 
1 

CATCALL= 
' I ' B 

CALL PNCH 

CATCALL= 
'O'B 

CARD2 = SUBSTR 
(CLST(ICD),a.80) 

CALL RDCD(LSTR.RSTR. 
NSTR.CARDZ) 

o 

Fig. 7 (Contd.) 
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BLOCK 
NUMBER 

40 

^ 

CARD=BLNK 
| I 'Y$=' 

C A L L 
CAT(RSTR) 

C A T C A L L : 
' I ' B 

ICD = 
1CD + 

L=LENCTH(LSTR) 
-1 

DO L l TO NPAR WHILE 
(SUBSTR(LSTR,2.L) /PNAMES(I)) 

Print e r r o r _ / _ . \ 
— • 4 S T O P ) 

Tiessagc y" J 

CALL CAT(RSTR) 

ZL 
CATCALL 
• I 'B 

ICD-
ICD-1 

Fig. 7 (Contd.) 
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BLOCK 
NUMBER 

DECLARE FMT 
CHARACTER(6) VARYING 

FMT = 
DVNAME 

L=6-LENGTH(DVNAME) 

FMT = 
FMT 

CARD='2006 FORMAT(lHC,2X. 
| | F M T | | ' D A T A ' | | F M T | | 
' C A L C " , 5X, " R E S I D U A L ' ' ' 

CALL CAT 
(',7X,"ERROR",8X, 

CALL CAT 

(',7X,'WEIGHT",7X, 

CALL CAT 

("•WEIGHTED",4X,' 

^ 

Fig. 8. Flow Chart 8, for MKFMT 
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BLOC 
NUMBER k ^ 

C A L L CAT (••••! jIVNAMESlOii 
'DATA^^/61X,^^RESIDUAL^'/61X, 
• •SQUARED"/ ) ' ) 

C A L L PNCH 

C A L L CAT 
( ' " I N D E P E N D E N T VARIABLE DATA 
(VARIABLES IN ORDER'11 IVNAMES( I) 

ir."/') 

CALL CAT 
( ' 6 1 X , " R E S I D U A L " , 4 X , " ' | j 
IVNAMES(2)) 

Y^S 

C A L L CAT 
( • ) " / 6 1 X . " S Q U A R E D " , )') 

' ' 
CALL PNCH 

^ 

Fig. 8 (Contd.) 
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BLOCK 
NUMBER 

29 

CALL CAT('. 
IVNAMES(I)) 

CALL CAT 
(•)"/61X, "SQUARED"/)') 

'' 
CALL PNCH 

' ' 
RETURN 

C A L L CAT(',' 
IVNAMES(l)) 

C A L L CAT(',^'/61X, 
••SQUARED^^,5X.^^'|i 
IVNAMES(9)) 

Fig. 8 (Contd.) 
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BLOCK 
NUMBER 

YES 

'' 
C A L L CAT 

(')"/)') 

, ; ^ NIV=9 ^ ^ 

CALL PNCH 

NO 

" 
CALL CAT( ' ,^ | | 
IVNAMES(IO)II ' )" / )^) 

39 

END MKFMT 

Fig. 8 (Contd.) 
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APPENDIX D 

Data Sets Used 

Source codes a r e kept on the d isk as m e m b e r s of a p a r t i t i o n e d da ta 
set , C145.B12533.T7120.SOURCE. M e m b e r n a m e s a r e : 

VMMTR - s o u r c e code for VMMTR 

DATAPR - sou rce code for DATAPR 

SKFCN - p r ecoded sec t ions of F C N $ 

DAVIDON - sou rce code for the v a r i a b l e m e t r i c m i n i m i z a t i o n 
p r o g r a m . 

Load modules for VMMTR, DATAPR, and the v a r i a b l e m e t r i c 
min imiza t i on p r o c e d u r e a r e kept as m e m b e r s of the p a r t i t i o n e d da ta se t 
C145.B12533.T7I20.SYSLMOD. The m e m b e r n a m e s a r e VMMTR, DATAPR, 
and DAVIDON. 

The following sequent ia l data s e t s a r e used as work da ta s e t s : 

C 145.B 12533.TTI 20.FORT 

CI45.B12533.T7120.PDAT 

C145.Bl 2533.T7 120.DATA 

C145.B1253 3,T7 120.TDAT 

C h a r a c t e r i s t i c s 

UNIT = 2314,SPACE = (80,(50.50)), 
VOLUME = SER=ODDJOB, 
LABEL=EXPDT = 68001, 
DCB=(RECFM=FB, 
LRECL=80,BLKSIZE = 2000) 

Same as 
C145.B125 3 3,T7 120.FORT 

Same as 
C145.B125 33.T7120.FORT 

Same as 
C14 5.B125 33.T7120.FORT 

In VMMTR, this is the file PROG 
on which the subrou t ine FCNS is 
wr i t t en . As input to the FORTRAN H 
compi l e r , it has ddname SYSIN. 

This data s e t is used to t r a n s f e r 
in format ion from VMMTR, w h e r e 
the file name is CDFILE, to 
DATAPR. w h e r e the file n a m e is 
SYSIN. The data se t conta ins the 
addi t ional in format ion , such as the 
number of p a r a m e t e r s , r e q u i r e d by 
the data p r o c e s s o r , as well as c a r d 
i m a g e s for all the data for the c a s e s . 

This data s e t conta ins in format ion to 
be p a s s e d from the data p r o c e s s o r 
to the va r iab le m e t r i c p r o c e d u r e . 
It is the file CDFILE in DATAPR 
and the file F T 0 5 F 0 0 1 in the v a r i 
able m e t r i c p r o g r a m . 

This data s e t is used by the data 
p r o c e s s o r to s t o r e data while the 
points a r e being counted. It is used 
only when t h e r e is ne i the r a DATA 
FORMAT ca rd nor a DATA = INSERT 
option. F i le name is T E M P . 
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Char ac teristics Function 

C145.B125 3 3.T7 120.XDAT 

C 145.B 1253 3.T7 120. VMMTR 

Same as 
C145.B12533.T7 120.FORT 
except for the DCB: 
DCB = (RECFM = F.BLKSIZE = 

Same as 
C14 5.B125 33.T7120.XDAT 

C145.B12533.T7120.EDT Same as 
C145.B125 3 3.T7120.XDAT 

This is the special unblocked file 
that is used for counting points and 
backspacing when there is a data 
format. In DATAPR the file name 
is XTFILE; in the variable metric 
program it is FTOlFOOl, 

This data set contains the nriessages 
written by lEHPROCM in the first 
job step of the procedure VMMCLG. 
Since the only purpose of this step 
is to define the program VMMTR so 
that the user does not need to supply 
a JOBLIB card, the messages are not 
of interest to him. 

This data set contains the linkage 
editor control statements 
INCLUDE LIB(DATAPR.DAVIDON) 
ENTRY IHESAPA 
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APPENDDC E 

Sections from the Report on the Chemical Equation Translator 

CAT and PNCH are straightforward. See the listing in Appendix F . 

RDCD removes blanks from card images containing equal signs and 
possibly semicolons and separates the resulting string into three par ts : left 
of equal sign, right of equal sign but left of semicolon, and right of semicolon. 

Figure 9 describes the logic of ORDSP. Minor changes were made in 
this routine when it was included in the variable metr ic t rans la tor . 
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11-8; 
WSPEC-IOI' 

NSPEC-0: 

Allow eight spaces for 'SPECIES' 

II 1-81 then last 
character cannot 
be "," 

DO l - l l lo 80 
WHILE 

ISUBSTRICARD,I,1I 

CH-
SUBSTRICARD.I.l) 

NSPEC-NSPEC*! 
SPECSINSPECI-

WSPEC 

GET EDIT ICARDI 
IAI80II 
IM 

NSPEC-NSPEC»1 
SPECINSPECI-

WSPEC 

(RETURN) 

JL£L_ 
Last nonblank 
character was ' 

l l - U l 
WSPEC-IO)' 

Find next name on same card. 

This reads species separated by commas, eliminating blanks. 11 a card ends with 
a null string the program reads another card. Thus the cards look like F. 

C.H 

Fig. 9. Flow Chan for ORDSP 
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APPENDIX F 

Source Listings for All Codes and Cataloged Procedure Listings 

These are the listings of the source code for the version of the 
language currently in use at Argonne. Final tests are being made of a 
version that will have the Davidon procedure and FCN$ in double prec i 
sion and will allow for 1000 data points. 

LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
VMMTR :PROC OPTlONSIMA IN I; 

DCL (COFILE, PROGI FILE OUTPUT, ITITLE, CAR02, (LSTR 
CARD EXTERNAL ) VAR I CHAR! 80) , ( I PNAMESCO) .DVNAME, I VNAME 

TNAMESI121IVAR, FMT, BLNK INIT I' 
LEVEL CHAR! II INITI'O'I, (CATCALL,ERR I S I T U ) INITCO'BI, 

NUMI FIXED BINARY; 
DCL CH CHARm,DFMT BITllI INITCO'BI; 
DCL RINSRT BITdl INITI'O'BI; 
DCL ENDING CHARIBOI, RDFILE FILE INPUT; 
DCL SUBSTR ENTRY (.FIXED BINARY,FIXED BINARYI RETURN 
(CHAR (2561 VARI; 

/* CARDS ARE TO BE IN 
l.PARAMETERS= 
2.INSERT 0 
3.DV= 
'>.IV= 
5.DATA= 
6.DATA FORMAT 
7.INSERT I 
B.INSERT 2 
9,INSERT 3 OR DVN 

10.INSERT 4 
11. INSERT 5 

THE FOLLOhING TWO PROC 
AND SORT THE CARDS 

DCL (PARAMETERS,INSERT_0,DV,IV,DATA,OATAFMT,INSERT_1 
INSERT_3, INSERT.*, INSERT_51 CHARdl, 

(NCOS,NRDI FIXED BIN, 
ICDAR.CLSTI (1001 CHARIBll CTL: 

/* SET UP TAGS IN COLL 
»/ 

PARAMETERS='C'; INSERT.O''• F • ; DV=M'; IV='L'; DA 
DATAFMT='R'; INSERT_1='V'; INSERT_2i'X•; INSERT_3 
INSERT_<.= ".'; INSERT_5='7'; 

/* FOR GENERAL TITLE • 
GET EDIT (TITLEI(A(80II; 
CALL CLASS; 
CALL STORE: 
CALL BUBBLE; 
ICO=l; 

/• FOR NON-EXECUTABLE 
CALL BLOCKl: 
CARD^BLNKII 
•DIMENSION BfR»(20l,WS«(50OI•; CALL PNCH; 
CARD='C IF THERE IS AN INSERT 0, IT GOES HERE"; CA 

/» FOR PARAMETER NAMES 
CH=SUBSTR(CLST(ICO 1,1,11; 
IF CH-. = PARAMETERS THEN DO: 

PUT LIST (• PARAMETER NAMES NOT GIVEN'I; 
SIGNAL ERROR: 
END; 

RSTR = SUBSTR(CLST(ICOI,2,801 ; 
CALL ORDER (NPAR.PNAMES,RSTRI; 
ICD=IC0*1; 
CH= SUBSTR(CLST(ICDI,l,ll ; 
IF CH= INSERT.O THEN 00; 

,RSTR,NSTR, 
S d O I . 

II CHAR(6I, 
(NIV,NPAR, 

THE ORDER: 

AME= OR DPN 

EDURES READ 
*/ 

, INSERT_2, 

ATING SEOUE 

TA='0': 
= ' 1'; 

STATEMENT*/ 

LL PNCH: 
*/ 

00000010 
00000020 
00000030 

oooooco 
00000050 
00000050 
00000070 
00000080 
00000090 
00000100 
OOOOOllO 
00000120 
00000130 
000001*0 
00000150 
00000160 
00000170 
OOOOOIBO 
00000190 
00000200 
00000210 
00000220 
0OCOO230 
00000240 
00000250 
00000250 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000450 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
oonnnsAn 
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MEMBER NAME VMMTR 
LEVEL'^'C; 
CALL CDCHECK; 
END: 

CH=SUBSTR(CLST(ICO I.1.11; 
IF CH-.=OV THEN DO; 

PUT LIST (' NO DEPENDENT VARIABLE NAME GIVEN'I; 
SIGNAL ERROR; 
ENO; 

DVNAME-SUBSTR(CLST(ICO).2,61; 
ICD»ICD»l; 
CH-SUBSTRICLSTIICO 1,1,1): 
IF CH-.= IV THEN 00; 

PUT LIST (• INDEPENDENT VARIABLE NAMES NOT GIVEN'I; 
SIGNAL ERROR: 
END; 

RSTR^SUBSTRICLSTIICDI.2,801: 
CALL ORDER INIV,IVNAMES.RSTRI; 

/» SET UP EQUIVALENCE •/ 
CARD-BLNKiI'EQUIVALENCE (Y»,'I IDVNAMEI I'l'; 
00 I'l TO NPAR; 

CALL CAT I',IP(('I I I II'I,'IIPNAMESIIII I * I'I ; 
CALL CAT ('.(GGGtl ' I II I I ' I.D'I IPNAMESd ) I I • I'); 
END; 

00 I'l TO NIV; 
CALL CAT ( ' . ( X t l ' I I I I I ' I . ' I I I V N A M E S d I I I ' I ' l : 
END; 

CALL PNCH; 
/ * SET UP NAMES OF VARIABLES • / 

CARCBLNKl I'DATA END* / " E N D • • / .PNAME t / • " I I 
PNAMESd) I I " " ; 

IF NPAR-.-1 THEN DO; 
DO I » 2 TO NPAR: 

CALL CAT (•,"• llPNAMESdII I " " I; 
ENO; 

ENO; 
CALL CAT ('/'); 
CALL PNCH; 

/• PRINT GENERAL TITLE •/ 
CARD'' 2000 FORMAT IIHO,': 
CALL CAT ( " " IITITLEII " 'I• I; 
CALL PNCH; 
CARO'BLNKII'NP*-*IINPAR: 
CALL PNCH; 
CARO'BLNKII'NXt''IINIV; 
CALL PNCH; 
CARD-'C; CALL PNCH; 
CALL eLaCK2; 
CARD«'C'; CALL PNCH; 
ICD»ICD*l; 
CH-SUBSTR(CLST(ICDI,1.1): 
IF CH—DATA THEN DO; 

PUT LIST (' ORDER OF DATA NOT GIVEN'I: 
SIGNAL ERROR; 
END; 

/• SET UP ORDER FOR READING •/ 
RSTR«SU6STRICLST(ICDI,2.80); 

00000570 
000005 80 
00000590 
00000600 
00000610 
00000520 
00000630 
00000540 
00000650 
00000650 
00000570 
00000580 
00000690 
000007CO 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000940 
00000850 
00000850 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
C0000940 
00000950 
00000960 
00C00970 
00000980 
00000990 
00001000 
OOOOIOIO 
00001020 
00001030 
00001040 
00001050 
00001050 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
CALL ORDER INUH,TNAMEStRSTR): 
ICC=ICDH; 
CH'SUBSTR (CLST(ICDI.l.l); 
IF TNAMES(1)='INSERT' THEN DO; 

CARD'BLNKll ' DO 11 l « = l , N O $ ' ; CALL PNCH: 
CARD'' 11 M S « d ( ) ' W t ( l $ l ' ; CALL PNCH; 
R I N S R T = ' 1 ' B : 
GO TO INSRTCK: 
END: 

IF CH=DATAFMT THEN DO; 
D F M T = ' 1 ' B ; 

C A R D - B L N K I I ' l I t ' O ' ; CALL PNCH; 
CARD'BLNKII 

' I B U F « = 1 ' ; CALL PNCH; 
CARD=' 9 READ dBUF$ ,10501 B F R t ' ; CALL PNCH; 

CARD= 
1050 FORMAT (20A4) ' ; CALL PNCH; 

CARD= B L N K I I ' I F I B F R t l l ) .EQ. ENO») GO TO 13';CALL PNCH; 
CARD-BLNKII 

'BACKSPACE IBUFt ' ; CALL PKCH; 
CARO'BLNKII 

• I l t ' l K * ! • ; CALL PNCH; 
CARO=BLNK| I 

' READ ( IBUFt ,10031 ' ; 
END: 

ELSE DO; 
CARD=BLNKll'DO 13 IIMl.NDt': CALL PNCH; 
CARD=' 13 READ (INt. 10031' ; 
END; 

/»SET UP FIRST ITEM IN DATA LIST 
*/ 

IF TNAMESd )=DVNAME THEN CALL CAT( 'YDSdlt)' ) : 
ELSE D O ; 

IF TNAMESdl=:'ERROR' THEN 00; 
ERR='1'B; 
CALL CAT ( 'WIdltl' I ; 
GO TO LOOP; 
ENO; 

IF TNAMESd) = 'WEIGHT' THEN CALL C A T C W t d I t ) ' ); 
ELSE DO; 

DO J'l TO NIV WHILE (IVNAMESIJ I-= 
TNAMESdl):END: 

CALL C A T C X D J C I |J| |'.H»|' |; 
ENO; 

END: 

. „„„ /*FINISH DATA LIST*/ 
LOOP: DO I»2 TO NUM; 

IF TNAMESd I'DVNAME THEN CALL CAT( • , YDS d I S I' )• 
ELSE DO; ' 

IF TNAMESdl='ERROR' THEN DO; 
ERR''1«B; 
CALL C A T C . W t d l H i , ; 
GO TO ENDLP; 
END: 

IF TNAMES(II"WEIGHT' THEN CALL CAT( ' . M t d U ) ' ) -
ELSE DO: 

00001130 
00001140 
00001150 
00001150 
00001170 
oooouao 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001550 
O0C01570 
00001580 
00001590 
00001600 
00001510 
00001520 
00001530 
00001640 
00001550 
00001560 
00001670 
00001680 
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MEMBER NAME VMMTR 
DO J'l TO NIV WHILE (I 

TNAMESII)):EN0; 
CALL CAT CXOtl'l I Jll 
END; 

END; 
ENOLP: END; 

CALL PNCH; 
IF DFMT THEN DO; 

CARD'BLNKII 'GO TO 9«; CALL PNCH; 
CARD'' 13 ND»=II»'; CALL PNCH ; 
END; 

CARO'BLNKlI'DO 11 I»'1,ND«'; CALL PNCH; 
CARD-BLNKl I'WStdtl' Wi(I$l': CALL PNCH: 
IF ERR THEN 

11 Mtdtl'i./iu$(ltt*ut(l»ii': 
11 CONTINUE'; 

VNAMES(J)-

lilt) 'I; 

CNTFMT: 

CARD' 
ELSE CARD' 
CALL PNCH; 

/•CONSTRUCT FORMAT FOR 
IF DFMT THEN 00; 

CARD'' 1003 FORMAT!'; 
CALL CAT(SUBSTR(CLST(IC0I,2,40II; 
CALL CAT(SUBSTR(CLSTdCO),42.40)); 

/* CHECK FOR CONTINUATIONS */ 
ICD'ICD*!: 
CH=SUBSTR(CLST(I CD),1,1); 
IF CH'DATAFMT THEN GO TO CNTFMT; 
CALL CAT I'l'): 
CALL PNCH: 
END: 

ELSE DO: 
CARD'' 1003 FORMAT (6E12.0I' : CALL PNCH; 

END; 
INSRTCK:CARD''C IF THERE IS AN INSERT 1, IT GOES HERE' 

IF CH'INSERT.l THEN DO: 
LEVEL''l' : 
CALL CDCHECK: 
CH'SUBSTR(CLST(I CD 1,1,1); 
END: 

NXTBLK: CARD='C': CALL PNCH; ^ 

CALL BLaCK3; 
CARD='C IF THERE IS AN INSERT 2, IT GOES HERE' 
IF CH=INSERT.2 THEN 00; 

LEVEL''2' ; 
CALL CDCHECK; 
CH'SUBSTR!CLST(I CD),1,11; 
END; 

CALL BL0CK4; 
CARD='C IF THERE IS AN INSERT 3, IT GOES HERE 

N OR DERIVATIVE': CALL PNCH; 
CARD''C STATEMENTS': CALL PNCH; 

ENDCK: IF ICD>NCOS THEN GO TO LSECT; 
LEVEL'SUBSTRICLST(ICDI,2,11; 
IF LEVEL='3'ILEVEL''C' THEN 00; 

IF CATCALL THEN DO; 
CALL PNCH; 
CATCALL''0'B; 

00001590 
00001700 
00001710 
00001720 
00001730 
00001740 
00001750 
00001750 
00001770 
00001780 
00001790 
00001800 

ooooiaio 
00001820 
000018 30 
00001840 
00001850 

READING DATA*/ 00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
00002000 

; CALL PNCH; 00002010 
00002020 
00002030 
00002040 
00002050 
00002050 
00002070 
00002080 

; CALL PNCH; 00002090 
00002100 
00002110 
00002120 
00002130 
00002140 
00002150 

OR AFTER FUNCTI000002150 
00002170 
00002160 
00002190 
00002200 
00002210 
00002220 
OOOO22J0 
00002240 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
END; 

LEVEL''3'; 
CALL CDCHECK; 
GO TO E N D C K ; 

END: 
IF (LEVEL''4'Il(LEVEL''5'I THEN GO TO LSECT; 

/• LOOK FOR ' SIGN * 
I = INDEX(CLSTdCD),' = ' I; 
IF 1=0 THEN 00; 

NSTR'IO)' '; 
DO 1=2 TD 81: 

CH=SUBSTR(CLST(ICD),I.l); 
IF CH-.'' ' THEN NSTR'NSTRl ICH; 
END; 

L'LENGTH(NSTR)-66: 
IF L>0 THEN D O : 

CALL CAT(SUBSTR(NSTR.1,66)I: 
CALL CAT (SUBSTR(NSTR,67,LII; 
END; 

ELSE CALL CATINSTRI: 
CATCALL' 'I'B: 
ICD=ICD+l; 
GO TO E N D C K : 

END: 
/*AN ' SIGN WAS FOUND 

IF CATCALL THEN CALL PNCH; 
CATCALL''0'8; 
CARD2=SUBSTR(CLST(ICDI,2,801; 
CALL RDCD(LSTR,RSTR,NSTR,CARD2I; 

SETY :IF LSTR'DVNAME THEN DO: 
CARD'BLNKII'Y»'': 
CALL CATIRSTRI; 
CATCALL='1'B: 
ICD'ICD»l; 
GO TO ENDCK; 
END: 

L=LENGTH(LSTR)-1; 

DO I' 1 TO NPAR WHILE 
IF I>NPAR THEN DO; 

PUT LIST (• WORD 
ME OF THE DEPENDENT VARIABLE 

SIGNAL ERROR: 
STOP: 
END; 

SETPAR :CARO'BLNKlj'GGGtl'11111')=': 
CALL CAT (RSTRI; 
CATCALL='1'B: 
ICD'IC0»1: 

GO TO E N D C K : 

LSECT : IF CATCALL THEN CALL PNCH; 
CARD = 'C END OF POSSIBLE INSERT 

CALL BLOCKS: 
CARO='C IF THERE IS AN INSERT 4, 
IF LEVEL''4' THEN CALL COCHECK: 

CALL MKFMT: 

/* LOOK FOR PARAMETER NAME */ 
SUBSTR (LSTR,2,L I-.= PNAMES( II); END: 

LSTR,' IS NEITHER A KEY WORD NOR THE 
NOR A DPNAME FOR A PARAMETER NAME'); 

CALL PNCH: 

IT GOES HERE': CALL PNCH: 

00002250 
00002250 
00002270 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
00002340 
00002350 
00002350 
00002370 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002450 
00002470 
00002480 

*/00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
00002620 
00002530 
00002640 

NA00002t50 
00002550 
00002570 
00002580 
00002690 
00002700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 
00002780 
00002790 
00002800 
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MEMBER NAME VMMTR 
CARD ' 'C : CALL PNCH; 
CALL BL0CK6: 
CARD''C IF THERE IS AN INSERT 5, IT GOES HERE"; 
CALL PNCH; 
IF SUBSTR(CLST(ICDI.1.1I>INSERT_S THEN 00: 

LEVEL''5'; 
CALL COCHECK; 
END; 

CALL BL0CK7: 
CALL DTPR; 

ORDER :PROC(NSPEC.SPECS.CARDI; 
DCL (WSPEC CHAR(6).CARD CHARC80))VAR.SPECS(20) CHAR(5) VAR, 
CH CHAR(11; 
Il'l; 
L'LENGTH(CARO); 
Ll'L«l; 
wsPEC'(O)' •: 
NSPEC'O; 

TSTLP! DO 1=11 TO L WHILE ISUBSTR(CARD,I,1)-»','I; 
CH=SUBSTR(CARD,I,l); 
IF CH-.'' • THEN USPEC'WSPECI ICH; 
ENO TSTLP; 

/* IF I'Bl. NONE OF THE CHARACTERS 
FROM d ON ARE '. • < 

IF I'Ll THEN DO: 
IF WSPEC'(O)' ' THEN DO: 

ICD=ICD*l: 
CARD=SUBSTR(CLST(ICDI.2.801: 
Il'l; 
L'80; 
Ll'Si: 
GO TO TSTLP; END; 

ELSE 00; 
NSPEC'NSPEC • 1: 
SPECSINSPECI ' WSPEC: 
RETURN: 
END; 

END: 
ELSE DO: % 

NSPEC = NSPEC*1: 
SPECS(NSPEC) = WSPEC: 
IF I'L THEN DO: 

ICD'ICO*!; 
CARD'SUBSTR(CLST(ICO).2,80): 
Il'l; 
Ll'Bl; 
L'80; 
wspEC'lo)' '; 
GO TO T S T L P ; E N D ; 

ELSE D O ; 
ll'l*l; 
wsPEC'io)' '; 
GO TO TSTLP;END; 

ENO; 
RETURN : 
END ORDER; 

00002810 
00002820 
00002830 
00002840 
00002850 
00002860 
00002870 
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 

/00003040 
00003050 
00003050 
00003070 
00003080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003150 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003250 
00003270 
00C03290 
00003290 
00003300 
00003310 
00003320 
00003330 
00003140 
00003350 
00003360 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
PNCHIPROC: ,,„.,.. . 

DCL COO CHARIBOI STATIC,CARD CHARI80IVAR EXTERNAL, 
CDO'CARO; 
PUT FILEIPROGI EDIT (CDOI (A(80)); 

/* PUT DATA (COO) SKIP(2): •/ 
RETURN; 
ENO PNCH; 

CAT :PROC(BCDI :OCL CARD CHAR(80) VAR EXT: 
DCL(BCD CHAR(66IVAR,CDTEM CHAR(1381VARI; 
CDTEM'CARDlIBCD; 
L 'LENGTHICOTEMI ; 
IF L<73 THEN DO: 
CARD'CDTEM; 
RETURN:END: 
ELSE;CARD=SUBSTR(CDTEM,1,72 I; 

CALL PNCH;L=L-72;CARD'' X'I ISUBSTR(CDTEM,73,LI: 
RETURN;END CAT; 

DTPR! PROC; 
DCL CD CHARIBOI VAR: 
ON ENOFILEISYSINI BEGIN: 

PUT LIST (' END OF CASES' ); 
CLOSE FILE(COFILE),FILE(SYSIN),FILE(PROG),FILE(SYSPRINT 
FILE (SYSPNCHI; 
GO TO LAST; 
END; 

CD='PAR AMETERS'' I IPNAMESdl; 
N=2; 
IF NPAR>1 THEN DO: 

PLP: DO I=N TO NPAR; 
CO'COII',': 
L'LENGTHICDI IPNAMESdl I: 
IF L>79 THEN GO TO PTCD; 
CO'COI IPNAMESd I : 
END: 

PTCD: CARD2'CD: 
CO'PNAMESdl; 
PUT FILE (CDFILEI EDIT (CARD2I (A(80ll; 
PUT FILE (SYSPNCHI EDIT (CARD2) (A(80ll; 
N'ld; 
IF N<=NPAR THEN GO TO PLP; 
END; 

/*IF NPAR'L, OUTPUT THE NAME*/ 
ELSE DO; 

CARD2'CD: 
PUT FILEICDFILEI EDIT (CARD2)(A(80)); 
PUT FILE (SYSPNCHIEDIT (CARD2I (A(80LL; 
END: 

/*IF 'DATA FORMAT' WAS SPECIFI 
ITST'L, IF NOT, ITST'O. IF AL 
OATA READING IS SPECIALLY 
PROGRAMMED WITH AN INSERT 1, 
INSRT'L. OTHERWISE, INSRT'O. 
IN ANY CASE, OUTPUT NUM,ITST, 
INSRT »/ 

I, 

IF DFMT THEN ITST' 1; 
ELSE ITST'O; 

00003370 
000033BO 
00003390 
00003400 
00003410 
00003420 
00003430 
00003440 
00003450 
00003450 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003510 
00003620 
00003630 
00003540 
00003550 
00003560 
00003670 
00003580 
00003590 
00003700 
00003710 
00003720 
00003730 
00003740 
00003750 
00003750 
00003770 
00003780 
00003790 
00C03800 
00003810 
00003820 
00003830 

ED,00003840 
L 00003850 

00003850 
00003870 
00003880 

AND00003890 
00003900 
00003910 
00003920 
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MEMBER NAME VMMTR 
IF RINSRT THEN INSRT'l; 
ELSE INSRT'O: 
PUT STRING ICARD2I LIST INUM,ITST,INSRTI; 
PUT FILEICDFILEI EDIT (CARD2I (A(80ll: 
PUT FILE (SYSPNCHI EDIT ICARD2I IA(80II; 

/*PUT THE DATA,AS IT IS, ON 
CDFILE 

GETCD: GET EDIT (CARD2I (A(80)); 
PUT FILE ICDFILEI EDIT (CAR02I (A(80ll: 
GO TO GETCD; 

LAST: RETURN: 
END DTPR; 

CDCHECK:PROC: 
DCL CH CHAR(11; 

FIRST: CARD2'SUBSTRICLST(ICDI,2,801; 
CH'SUBSTRICARD2,1,1I; 
IF CH'LEVEL THEN DO; 

CARD'' •IISU8SIRICAR02,2,79); 
CALL PNCH; 
ICD'ICOH; 
GO TO FIRST: 
END; 

IF CH''C' THEN DO; 
CAR0'CAR02; 
CALL PNCH; 
ICD'ICD*l; 
GO TO F I R S T ; 
END; 

C A R 0 ' ' C ENO OF INSERT ' I R E V E L ; 
CALL PNCH; 
RETURN: 
ENO CDCHECK: 

MKFMT: PROC: 
DCL FMT CHAR(6I VAR: 
FMT'DVNAME; 
L=6-LENGTH(DVNAMEI: 
IF L>0 THEN DO; 

DO 1=1 TO L ; 

FMT'' •I IF M T : , 

END; 
END; 

CARD'' 2006 FORMAT dH0,2X, 
' CALC",5X,"RESIDUAL"'; 
IF ERR THEN CALL CAT (',7X,"ERROR 
ELSE CALL CAT I ' ,7X, " WEIGHT " ,7X.'I: 
CALL CAT I'"WEIGHTED" .4X,') : 
IF NIV'l THEN D O ; 

CALL CAT ( " " I I IVNAMESIll I I' 0ATA"/61X 

" S O U A R E O " / l ' ); 
CALL PNCH: 
RETURN; 
END; 

CALL CATI "•INDEPENDENT VARIABLE DATA (VARIABLES IN ORDER 
I IIVNAMES(l) I I',"/') : 
CALL CAT ('61X,"RESIDUAL",4X,'"I I IVNAMESI2I); 
IF NIV'2 THEN D O ; 

• I IFMII I• DATA 

3X,' ); 

'IIFMTII 

'RESIDUAL" 

00003930 
00003940 
00003950 
00003950 
00003970 
00003980 

*/00003990 
C0C04000 
00004010 
00004020 
00004030 
00004040 
00004050 
00004050 
00004070 
00004080 
00004090 
00004100 
00004110 
00004120 
00004130 
00004140 
00004150 
00004160 
00004170 
00004180 
00004190 
00004200 
00004210 
00004220 
00004230 
00004240 
00004250 
00004250 
0000427C 
00004280 
00004290 
00C04300 
00004310 
C0004320 
00004330 
00004340 
00004350 
00004360 
00004370 
00004380 
00004390 

/61X,00004400 
CC004410 
00004420 
00004430 
00004440 

• C0004450 
C0004460 
00004470 
00004480 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
CALL CAT ( ' )"/6 
CALL PNCH: 
RETURN: 
END: 

IF NIV<'8 THEN DO: 
00 l'3 TO NIV: 

CALL CAT I' 
END; 

CALL CAT ('("/S 
CALL PNCH; 
RETURN: 
END; 

00 1=3 TO 8: 
CALL CAT (', 
END; 

CALL CAT (',"/51X 
IF NIV=9 THEN CALL CA 
ELSE CALL CAT (', 'II 
CALL PNCH: 
RETURN: 
END MKFMT; 

BLOCKl: PROC; 
GET FILE (ROFILE)EDIT 
IF SUBSTRICARD ,1,6) 

PUT LIST (' BLOC 
SIGNAL ERROR; 
STOP: 
END: 

GTPRG: GET FILE IRDFILE) EDI 
IF SUBSTRICARD,1,3) = 
CALL PNCH: 
GO TO GTPRG: 
END BLOCKl; 

BL0CK2: PROC; 
GET FILE (RDFILE)EDIT 
IF SUBSTRICARD ,1,6) 

PUT LIST (' BLOC 
SIGNAL ERROR: 
STOP: 
END: 

GTPRG: GET FILE IRDFILE) EDI 
IF SUBSTRICARD,1.3) ' 
CALL PNCH; 
GO TO GTPRG; 

END 6L0CK2; 
BLOCKS: PROC: 

GET FILE IRDFILEIEDIT 
IF SUBSTRICARD ,1,61 

PUT LIST (• BLOC 
SIGNAL ERROR; 
STOP: 
END; 

GTPRG: GET FILE (RDFILEI EDI 
IF SUBSTRICARD,1,31 ' 
CALL PNCH: 
GO TO GTPRG: 

IX,' 'SQUARED"/) ' I; 

, ' IJIVNAMESd I ) ; 

IX."SQUARED"/) ' ) ; 

IIIVNAMESIIII: 

SQUARED".5X.'" I I IVNAMESI9I); 
T (')"/)' i; 
IVNAMESIIOII I' l"/l'l: 

(CARDI (A(80l); 
-.''BLOCKl" THEN DO; 
K NACE 1 NOT GIVEN'); 

T (CARD) (A(80)l: 
'END" THEN RETURN; 

(CARD) (A(eo)); 
-""BL0CK2' THEN DO: 
K NAME 2 NOT GIVEN'); 

T (CARD) (A(80)l; 
•END' THEN RETURN; 

(CARDI (A(80ll: 
-.= 'BL0CK3' THEN DO: 
K NAME 3 NOT GIVEN'I: 

T ICARO) (Ateoil; 
'END' THEN RETURN; 

00004490 
00004500 
00004510 
00004520 
00004530 
00004540 
00004550 
00004550 
000045 70 
000045 80 
00004590 
00004500 
00004510 
00004520 
00004530 
00004540 
00004550 
00004650 
00004670 
00004580 
00004590 
00004700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
00004830 
00004840 
00004850 
00004860 
00004870 
00004980 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004950 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
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MEMBER NAME VMMTR 
END BL0CK3; 

BL0CK4: PROC; 
GET FILE IRDFILEIEDITICAROI (A(8ail; 
IF SUBSTR(CARD .1.61 -='BL0CK4' THEN DOl 

PUT LIST (' BLOCK NAME 4 NOT GIVEN' 
SIGNAL ERROR: 
STOP: 
END: 

GTPRG: GET FILE (ROFILEI EDIT (CARD) (A(aOI); 
IF SUBSTRICARD,1,3) ' 'END' THEN RETURNI 
CALL PNCH; 
GO TO GTPRG; 
END BL0CK4: 

BLOCKS: PROC; 
GET FILE (ROFILE)EDIT(CARD) (A(80)): 
IF SUBSTRICARD .1.61 -.''BL0CK5' THEN 00; 

PUT LIST I' BLOCK NAME 5 NOT GIVEN' 
SIGNAL ERROR; 
STOP; 
END: 

GTPRG: GET FILE IROFILEI EDIT (CARD) (A(80)): 
IF SUBSTRICARD.1.3) ' 'END' THEN RETURN; 
CALL PNCH; 
GO TO GTPRG; 
END BLOCKS; 

BL0CK6: PROC; 
GET FILE (RDFILEIEOITICARD) lA(BOI): 
IF SUBSTRICARD .1,6) -.''BL0CK5' THEN DO; 

PUT LIST I' BLOCK NAME 6 NOT GIVEN' 
SIGNAL ERROR; 
STOP: 
END: 

GTPRG: GET FILE IRDFILE) EDIT ICARD) IA(80)): 
IF SUBSTRICARD,1,3) - 'END' THEN RETURN; 
CALL PNCH; 
GO TQ GTPRG: 
ENO BL0CK6 : 

BL0CK7: PROC; 
GET FILE (RDFILEIEDITICARO) lAIBOl): 
IF SUBSTRICARD .1,6) -''BLOCKT' THEN DO: 

PUT LIST I' BLOCK NAME 7 NOT GIVEN' 
SIGNAL ERROR; 
STOP; 
END: 

GTPRG: GET FILE (RDFILE) EDIT ICARO) IA(80)I; 
IF SUBSTRICARD,1.31 - 'END' THEN RETURN; 
CALL PNCH; 
GO TO GTPRG; 
END BLOCK? : 

CLASS: PROC; 
DCL ADCHAR CHAR(11,INDEQ FIXED BIN: 
ALLOCATE CDARIIOO) CHARIBU: 
NCDS'IOO; 
NRD'O; 
ADCHAR'PARAMETERS; 

GETCD: GET EDITICAR02)lAIBOIt: 

i: 

00005050 
00005050 
00005070 
00005080 
00005090 
00005100 
00005110 
00005120 
00005130 
00005140 
00005150 
00005160 
00005170 
00005180 
00005190 
00005200 
0OC05210 
00005220 
00005230 
00005240 
00005250 
00005260 
00005270 
00005280 
00005290 
00005300 
00005310 
00005320 
00005330 
00005340 
00005350 
00005360 
00005370 
00005380 
00005390 
00005400 
00005410 
00005420 
00005430 
00005440 
00005450 
00005450 
00005470 
00005480 
00005490 
00005500 
00005510 
00005520 
00005530 
00005540 
00005550 
00005560 
00005570 
00005580 
00C05590 
00C05600 



62 

LISTINGS FOR TRANSLATOR 

MEMBER NAHE VMMTR 
PUT DATA ICARD2I SKIP: 
IF CARD2=('END'I I(771' 
NRD=NRD*1: 
CH=SUBSTRICARD2,l.ll: 

IF l< 

'I THEN RETURN; 

/» LOOK FOR INSERT */ 
THEN DO; •0'<=CHIt('5'>=CHI 

IF CH='0' THEN DO; 
AOCHAR'INSERT_0; 
CDARINCDSI'IAOCHAR IICARD2), 
GO TO CKNCD: 
END: 

IF CH='l' THEN DO; 
A0CHAR=INSERT_1; 
C0ARINC0SI=(ADCHAR|ICARD2I; 
GO TO CKNCD: 
END; 

IF CH='2' THEN DO; 
ADCHAR=INSERT_2: 
CDARINCOS 1 = 1ADCHARIICARD2I: 
GO TO CKNCD; 
END; 

IF CH''3' THEN DO: 
ADCHAR=INSERT_3; 
CDARINCDSI'IAOCHARIICARD2I; 
GO TO CKNCD: 
END; 

IF CH''4' THEN DO; 
ADCHAR'INSERT_4; 
CDARINCOSI'(ADCHARIICARD2I: 
GO TO CKNCD; 
END; 

A0CHAR'INSERT_5; 
CDARINCOSI'IADCHARIICARD2I; 
GO TQ CKNCD: 
END; 

IF CH''C' THEN DO; 

CDARINCOSI'IADCHARIICARD2I: 
GO TO CKNCD; 
END; 

/* CHECK FOR ' SIGN */ 
INDEQ'INDEX(CARD2,'''I: 
IF INOEO'O THEN 00; 

NSTR'IOI' ': 
DO I'l TQ 60; 

CH'SUBSTRICARD2,I,1I ; 
IF CH-.'' ' THEN NSTR-INSTRI ICHI; 
IF LENGTHINSTRI'lO THEN GO TO TSTFMT; 
END; 

IF NSTR''DATAFORMAT' THEN DO: 
ADCHAR'DATAFMT: 
ISTR=I»1: 
COAR(NCDS)'(ADCHARI ISUBSTR(CARD2,1STR,80)); 
GQ TO CKNCD; 
ENO; 

/*IF THE CARD IS NOT A DATA 
FORMAT SPECIFICATION, A CONT 

00005610 
00005520 
00005530 
00005540 
00005550 
00005650 
00005570 
00005580 
00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005750 
00005770 
00005780 
00005790 
00005800 
00005810 
00005820 
00005830 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
00005930 
00005940 
00005950 
00005950 
00005970 
00005980 
00005990 
00006000 
00005010 
00005020 
00005030 
00006040 
00005050 
00005060 
00005070 
00005080 
00005090 
00005100 
00006110 
00006120 
00005130 
00005140 
00005150 

1NUAT00005160 
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MEMBER NAME VMMTR 
IS ASSUMED*/ 

CDARINCOSI'IADCHARIICAR02I; 
GO TO CKNCD: 
END: 

CALL R0CDILSrR,RSTR.NSTR,CAR02l; 
IF LSTR''PARAMETERS' THEN 00; 

ADCHAR'PARAMETERS: 
CDARINCDSI'IAOCHARI IRSTRIINSTRI; 
GO TO CKNCD: 
END: 

IF LSTR''DV' THEN 00; 
AOCHAR'DV; 
CDARINCOSI'IADCHARIIRSTRIINSTR); 
GO TO CKNCO; 
ENO ; 

IF LSTR''IV' THEN 00; 
ADCHAR'IV : 
CDARINCOSI'IADCHARIIRSTRIINSTRI; 
GO TO CKNCD; 
END; 

IF LSTR''DATA' THEN DO; 
ADCHAR'DATA: 
CDARINCOSI'IADCHARIIRSTR)INSTR); 
GO TO CKNCD: 
END; 

IF LSTR''DATAFORMAT' THEN DO: 
ADCHAR'DATAFMT: 
CDARI NCOS)'(ADCHARI ISUBSTR!CAR 02,INDEQ*1,80 I I; 
GO TO CKNCD; 
END: 

/ * ASSUME HERE THAT ANY OTHER 
CARD CONTAINING ' GIVES A FOR 
FOR THE DEPENDENT VARIABLE OR 
DERIVATIVE 

A0CHAR'INSERT_3: 
CDARINCOSI'IADCHARIICARD2I; 
NCDS'NCOS-l: 
IF NCDS>0 THEN GO TO GETCD; 
ALLOCATE CDARI1001 CHARlBll; 
NCDS'IOO: 
GO TO GETCD; 
END CLASS; 
PRQC: 
DCL (ICD.K,II FIXED BINARY 

NAL'NRD*1; 
ALLOCATE CLSTINALI CHARIBU: 
C L S T ( N A L ) = ( 8 l ) ' ' : 
K'NCDS; 
DO I'NRD TO 1 BY - 1 ; 

K ' K * 1 : 
CLSTIII ' CDARIKI: 
IF K'lOO THEN DO: 

/* THIS ROUTINE ARRANGES THE 
CARD IMAGES IN ORDER FROM FIR 
TO LAST READ AND STORES THEM 
*/ 

00005170 
00005180 
00005190 
00006200 
00005210 
00005220 
00005230 
00005240 
00005250 
00006260 
00006270 
00006280 
00005290 
00005300 
00006310 
00006320 
00005330 
00006340 
00005350 
00005360 
00005370 
00005380 
00005390 
00005400 
00006410 
00006420 
00006430 
00006440 
00006450 
00006460 
00006470 

HULA000064eO 
A O0C05490 
*/00CO55O0 
00005510 
00006520 
00005530 
00006540 
00006550 
00006560 
00006570 
000065 80 
00005590 
00CO6600 

TAGGOO00551O 
ST RC0005520 
IN C00005530 

00005540 
00006650 
00006560 
00006570 
00006680 
00006590 
00006700 
00006710 
00006720 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME VMMTR 
FREE CDAR: 
K'O: 
END; 

END; 
NCOS'NRD: 
RETURN; 
END STORE; 

SUBSTR:PROCISTR,IS.LI CHAR 12551 VAR; 
DCL STR CHAR(256I VAR,(IS,LIFLXED BINARY: 
DCL S CHARI255I VAR; 
DCL SUBSTR BUILTIN; 
M'L; 
LN'LENGTHISTRI: 
IF L*IS-1>LN THEN M'LN-IS+l; 
IF 1S>LN THEN S'lOl' ': 

ELSE S=SUBSTRISTR,IS,MI: 
RETURN IS): 
END: 

ROCO :PR0C(LSTR,RSTR,RTSTR,CARD): 
DCL CH CHARd) STATIC,CARD CHARIBO): 
DCL I LSTR,RSTR,RTSTRIVAR CHARIBO) ; 
LSTR,RSTR,RTSTR=(0)' ': 
00 IL=1 TO 80 WHILE I SUBSTR ICARD, IL, 1 )-.= ' = 'I : 
CH'SUBSTRICARD,IL,ll;IF CH=' ' THEN GO TO LlOOl; 
ELSE LSTR=LSTRIICH; 

LlOOl :END; 
IF IL = 80 THEN DO;PUT LISTCNO = SIGN FOUND IN THIS CARD ', 
CARDI;G0 TO ERR0R;END: 
00 IR'ILtl TO 80 

WHILE (SUBSTR(CARD,IR,1I-.'';') : 
CH=SUBSTRICARD,IR,ll:IF CH'' ' THEN GO TQ L1002; 
ELSE RSTR'RSTR]ICH; 

L1002 :END; 
IF IR'80 THEN RETURN; 
RTSTR'SUBSTR(CARD,IR*1,80 I; 
RETURN; 

ERROR :CLDSE FILE(SYSPRINT);SIGNAL ERROR; 
END RDCD: 

BUBBLE: PRQC: 
DCL TEMP CHAR(8l),I (SWAP,FALSE) I NI T('0 ' B) , TRUE INITCl'B)) 
BIT (81.SUBSTR BUILTIN; 

SWPLP: DO I'NCDS TO 2 BY -I; 
IF SUBSTRICLSTII 1,1,IKSUBSTRICLSTII-ll, 1,11 THEN 00: 

TEMP'CLSTII-ll; 
CLSTII-1I=CLST(II : 
CLST!1 I'TEMP: 
SWAP'TRUE; 
END: 

END; 
IF SWAP'TRUE THEN DO: 

SWAP'FALSE; 
GQ TO SWPLP; 
END: 

RETURN; 
END BUBBLE; 
END VMMTR; 

00005730 
00006740 
00006750 
00006750 
00005770 
00006780 
00006790 
00006800 
00006810 
00006820 
00005830 
00005840 
00005850 
00005850 
00005870 
00006880 
00005890 
00006900 
00005910 
00006920 
00006930 
00005940 
00005950 
00006950 
00005970 
00006980 
00006990 
C0007000 
00007010 
00007020 
00007030 
00007040 
00007050 
00007060 
00007070 
00007080 
00007090 
00007100 
00007110 
00007120 
00007130 
00007140 
00007150 
00007160 
00007170 
00007180 
00007190 
00007200 
00007210 
00007220 
00007230 
00007240 
00007250 
00007250 
00007270 
00007280 
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MEMBER NAME DATAPR 
ISUBRG): 
DATAPR: PROC OPTIONSIMAIN): 

ON SUBSCRIPTRANGE BEGIN; 
PUT LIST !' SUBSCRIPT RANGE INTERRUPT"): 
CALL IHEOUMP: 
END; 

DCL SUBSTR ENTRY I ,F IXED BINARY,FIXED BINARY) RETURNS 
ICHAR 1256) VAR) : 

DCL COFILE F ILE OUTPUT, TEMP F lLE, ICAR02, ILSTR,RSTR,NSTRIVARI 
CHARIBOI. PNAMESI40I CHARI6) VAR. INPAR,NUM,DFMTI FIXED B I N , 
lOATAI121 , IGUESS,GUESSF,S0 ,SDFI !40 I I FLOAT DEC,(FRST,NXT I 8 IT ( 1 
IN IT C l ' B ) , BL C H A R d l I N I T I ' ' I , XTFILE FILE OUTPUT; 

/*CHECK FOR END OF FILE * / 
ON ENOFILEISYSINI BEGIN; 

PUT LIST I ' ENO OF C A S E S ' ) ; 
N X T ' ' 0 ' B ; 
CLOSE FILEISYSINI.FILEICDFILEI.FILEISYSPRINTI. 
FILE IXTFILEI.FILE (TEMP): 
END: 

OPEN FILEICDFILEI,FILEITEMP) OUTPUT, FILE(SYSIN): 
GET EDITICARD2) IAI80)): 
CALL RDCD ILSTR,RSTR,NSTR,CARD2): 

/*FIND PARAMETER NAMES*/ 
IF LSTR-.''PARAMETERS" THEN DO; 

PUT LIST!" PARAMETER NAMES NOT GIVEN'); 
SIGNAL ERROR: 
END: 

CALL OROERINPAR,PNAMES,RSTR); 
GET EDIT ICAR02) !A(80)); 
GET STRINGICARD2) LIST I NUM.DFMT.INSRT) : 
GET E0lriCAR02) lAISOlM 

/*THIS IS THE CASE TITLE*/ 
PUT FILE ICDFILEI EDIT ICARD2I IAI80II: 
IF FRST THEN DO: 

/*SET UP GUESSES TO BE STORED*/ 
FRST''0'B; 
DO J'l TO NPAR: 

GET EDIT ICARD2I IAI80II: 
CALL RDCD (LSTR.RSTR,NSTR,CARD2) : 
DO 1=1 TO NPAR WHILE(LSTR-.'PNAMES(I II ; END; 
IF I'NPAR*! THEN DO; 

PUT LIST ('THE PARAMETER NAME '.LSTR. 
'WAS NOT FOUND IN THE LIST OF PARAMETER NAMES'I 

SIGNAL ERROR; 
END; 

GUESSFd I'RSTR; 
GUESSF!I I'GUESSFI I I•GUESSFI Il*.00000l ; 
IF NSTR'"CONSTANT" THEN SOFIII'0.0; 

ELSE D O : 

IF NSTR'IOI' ' THEN SDFdI'-l.O: 

ELSE DO: 
SOF(II'NSTR; 

SDFIII'SDFII)*SDFII)*,00000l: 

END; 

END: 
END: 

00000010 
00000020 
00000030 
00000040 
00000050 
C0000060 
00000070 
00000080 
00000090 
OOOOOIOO 

lOOOOOUO 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00C00240 
00000250 
00000260 
00000270 
00000280 
00009290 
00000300 
00000310 
00000320 
00000330 
00000340 
C0000350 
00000150 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 

;00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
000004 90 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
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MEMBER NAME DATAPR 
END; 

I'l TO NPAR; 
GUESSIII'GUESSFIII: 
S D d l ' S O F I I I ; 
END: 

/•CHECK FOR CHANGES IN PARAMETER 
*/ 

SIGN*/ 
END; 

END; 

• 1 TO NPARI I 

GTCD: GET EDIT ICAR02I IA«80II; 
/*LOOK FOR 

00 I'l TO 80 WHILEISUBSTRICARD2,I,l)-.'' = 'l: 
IF I-.'81 THEN DO; 

CALL R0CDILSTR,RSTR,NSTR,CAR02l; 
DO I'l TO 80 WHILE I LSTR-.=PNAMES 11 ) I : 
IF I'NPAR*1 THEN DO: 

PUT LIST I' THE PARAMETER NAME '.LSTR. 
' DOES NOT APPEAR IN THE LIST OF PARAMETERS'): 
SIGNAL ERROR; 
END; 

GUESSIII'RSTR; 
GUESSII I'GUESSII l«-GUESSd I*. OOOOOl: 
IF NSTR''CONSTANT' THEN SDIII'O.O ; 
ELSE DO; 

IF NSTR'IOI' ' THEN SDIII'-l.O; 
ELSE DO; 

soilI'NSTR: 
SOU l=S0IIHSO!II*.0O0001; 
END; 

END; 
GO TO GTCD: 
END: 

PUT FILE ICDFILEI EDIT!IGUESS11 I.SO!I I DO 
12 E!12,5I.XI56ll: 
PUT FILEICDFILEI EDIT IBL)I XI55).AlI)): 
IF INSRT=l THEN DO: 

NPTS'500; 
PUT FILE ICDFILE) EDIT INPTS.BLI IF!6,0).XI731.A!11 I ; 
GO TO RXTRA; 
END: 

IF OFMT-.'l THEN DO; 
ON CONVERSION BEGIN; 

CLOSE FILEITEMP); 
IF ONSOURCE-''EN0' THEN DO; 

PUT LIST !• CONVERSION ERROR ON CHARACTER '. 
ONCHAR,' OF STRING '.ONSOURCE ); 
SIGNAL ERROR; 
END: 

GO TO PTFILE; 
END: 

OPEN FILE ITEMPI OUTPUT; 
NPTS'O; 
IF NUM<'5 THEN NX'5-NUM; 
ELSE NX'12-NUM; 

GTLST: DO J'l TO NUM; 
GET LIST IDATAIJlI; 
DATAIJI = DATAIJI * OATA!JI*.O000Ol; 
END: 

00000570 
00000580 
00000590 
00000600 
00000610 
S00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
000006B0 
00000590 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000750 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000 840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000950 
00000970 
000009 80 
00000990 
00001000 
OOOOIOIO 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
OOOOlllO 
00001120 
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PTFILE: 

GTTMP: 

GTC02: 

MEMBER NAME DATAPR 

PUT FILE ITEMPI EDIT IIDATA(JI 00 J'l TO NUMI) 16 E(12 

XIBII: 
PUT FILE ITEMPI EDIT I IBL 00 J'l TQ NX I I I X!11).Al11); 
PUT FILE ITEMPI EDIT IBL) IXITI.AIlll: 
NPTS'NPTS*l; 
GO TO GTLST; 
GET EDIT ICAR02) IAIT6I); 
PUT FILE ICDFILE) EDIT INPTS.BL) IF 16,0 I.X173).A!1)): 
OPEN FILEITEMP) INPUT; 
ON ENDFILE ITEMP) BEGIN; 

CLOSE FILEITEMP); 
GO TO RXTRA: 
END: 

GET FILEITEMP) EDIT(CARD2) IAI80)I; 
PUT FILE ICDFILE) EDIT ICARD2II A I 80)): 
GO TO GTTMP; 
END: 

/*IF A DATA FORMAT WAS GIVEN, 
FOLLOWING PROCESS IS USED 

ELSE DO: 
OPEN FILE IXTFILE): 
NPTS'500; 

PUT FILE ICDFILEI EDIT INPTS.BLI IF15.01.XI731.A!I)I; 
GET EDIT ICARD2) lAIBO)); 
IF SUBSTRICAR02.1,3)-.''EN0' THEN DO; 

PUT FILE IXTFILEI EDIT ICAR02I (A(8ail; 
GO TO GTCD2; 
END: 

PUT FILE IXTFILEI EDIT (CARD2I (AIBOI); 
END: 

RXTRA: GET EDIT ICARD2) IAI80I): 
IF SUBSTRICAR02,l,3l ' 'END' THEN 00; 

GET EDIT ICARD2) IA(80)); 
IF NXT THEN GQ TO START; 
ELSE GO TO LAST: 
END; 

PUT FILE ICDFILE) EDIT ICARD2) IA(80II; 
GQ TO RXTRA; 

SUBSTR:PROC(STR,IS,LI CHAR 12551 VAR: , 
DCL STR CHARI256I VAR ,!IS,LIFIXED BINARY: 
DCL S CHARI255I VAR; 
DCL SUBSTR BUILTIN; 
M'L: 
LN'LENGTHISTRI; 
IF L*IS-1>LN THEN M'LN-IS»1: 
IF IS>LN THEN S'lOl' '; 

ELSE S'SUBSTRISTR,IS,MI: 
RETURN (S); 
END; 

:PROC(NSPEC,SPECS,CARD); 
DCL (WSPEC CHAR(6I,CARD CHAR(80))VAR,SPECS(20) CHAR(5) VAR. 
CH CHAR(1): 

Il'l; 
L'LENGTHICARO); 
Ll'L*l: 
WSPEC'(O)' •: 

ORDER 

,51,00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 

THE00001300 
*/000013lO 

00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
000013 80 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 
00001600 
00001510 
00001620 

, 00001530 
00001640 
00001550 
00001660 
00001670 
00001680 
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MEMBER NAME DATAPR 
NSPEC'O: 

TSTLP: DO I'll TO L WHILE I 
CH'SUBSTRICARD.I.l): 
IF CH-.'' " THEN WSPEC 
END TSTLP; 

/* 

SUBSTRICARD.I.l)-.'" . ' ) ! 

'WSPECIICH; 

IF I'Bl. NONE OF THE 
FROM d ON ARE '.' 

IF I'Ll THEN DO; 
IF WSPEC'IO)' 

GET EDIT IC 
Il'l; 
L'80: 
Ll'Bl; 
GO TO TSTLP 

ELSE DO; 
NSPEC'NSPEC 
SPECSINSPEC 
RETURN; 
END; 

END; 
ELSE DO: 

NSPEC ' NSPECtl 
SPECS(NSPEC) 
IF I'L THEN DO 

GET EDIT IC 
Il'l: 
Ll'Bl: 
L'80; 
WSPEC'(O)' 
GO TO TSTLP 

ELSE DO: 
ll'l*l; 
WSPEC'(O)' 
GO TO TSTLP 

END: 
RETURN : 
END ORDER; 
:PRQC(LSTR.RSTR.RTSTR, 
DCL CH CHARdl STATIC 
DCL ( LSTR.RSTR 
LSTR.RSTR.RTSTR'IOI' 
DO IL=1 TO 80 WHILE I 
CH=SUBSTRICARD.IL.II; 
ELSE LSTR=LSTR|ICH; 
:END: 
IF IL=80 THEN DO:PUT 
CARDI:G0 TO ERROR ;END 
DO IR'ILH TO 80 

WHILE ISUB 
CH'SUBSTRICARD.IR.ll: 
ELSE RSTR'RSTRIICH; 

:END: 
IF IR'80 THEN RETURN; 
RTSTR'SUBSTR(CARD,IRt 
RETURN; 
:CLOSE FILEISYSPRINTI: 
END RDCD: 
CALL DVDN ; 
ENO DATAPR: 

THEN D O ; 
ARO) I A ( 8 0 ) ) ; 

; END; 

• i; 
I = WSPEC; 

WSPEC; 

ARDI (A(80ll; 

CAROI; 
CARD CHAR(80I; 

RTSTRIVAR CHAR(80) ; 

SUB STR (CARD,IL,1 )-.= '=' ); 
F CH=' " THEN GO TQ LlOOl: 

SIGN FOUND IN THIS CARD 

STR!CARD,IR,ll-.= ";' I ; 
IF CH=' ' THEN GO TO L1002; 

1,801: 

SIGNAL E R R O R : 

00001590 
00001700 
00001710 
00001720 
00001730 

CHARACTERS 00001740 
*/0000l750 

00001760 
00001770 
00001780 
00001790 
00001800 
00001810 
00001820 
00001830 
00001840 
00001850 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001950 
00001970 
00001980 
00001990 
00002000 
00002010 
00002020 
00002030 
00002040 
00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
00002110 
C0002120 
00002130 
00002140 
00002150 
00002160 
00002170 
00002190 
00002190 
00002200 
00002210 
00002220 
00002230 
00002240 
00002250 
00002260 
00002270 

http://substricard.il
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MEMBER NAME SKFCN 
BLOCKl 

SUBROUTINE F C N t ( N P $ , G t , F t , R ( , M M l t l 
REAL*8 PNAMEt 
COMMON H t ! 4 0 , 4 0 l , P P t ! 4 0 l , G G t ! 4 0 l , S t ( 4 0 l , X P t ( 4 0 ) , G P t ( 4 a ) , T i ( 4 0 ) , 

l G B t ( 4 0 ) , F F ( , G S t , E L t , S L « , F P t , G S P t , T O t , Z t , 0 t , A t , G S S t , F O I , G T P ( , F B $ , 
2 G T T t , G S B S , F A C t , D E L T A t , E ( , R S t , C t l 4 a , l 0 l , N t , K i , N C S , N S S W l t , N S 
3 , I T t , M l S , L ( 

DIMENSION HSTOR11 4 0 . 4 0 1 . G I S T ( I 40 I.CORR11401 
DIMENSION C A S E T S I 2 0 I . E S T P t ! 4 0 l . S D t l 4 0 l , P S ! 4 0 I , V D < I 5 0 0 I , WiI 

l X D t ! 2 0 , 5 0 0 l , X t l 2 0 l , G S I 4 0 l , G G G t l 4 0 1 , G E N T 1 1 2 0 I ,YSAVEtI 500 I , 
2 P S A V E t l 4 0 l , G S A V E t l 4 0 l , Y C t ! 5 0 0 l , P N A M E t l 4 0 I , R I ! 4 0 I 

END 
BL0CK2 

00 4 I t = l , N P t 
4 P t I l t ) = R t ! I t l 

GO TO ( 5 , 1 5 , 6 5 , 4 5 1 , MMlt 
5 I N t ' 5 

I O t ' 6 
I P t ' 7 
NCt'O 
Kt 'O 
NSSWlt'O 
NSSW2t'0 
R S t ' O . 
E t ' O 
R E A D I I N t , 1 0 0 0 , E N D = 8 0 I I C A S E T t ! I t ) , I t ' l , 2 0 l 
R E A 0 I I N t , 1 0 0 1 I I E S T P t d t l , S D t l l l l , I t ' l , N P > l 
DO 10 I t ' U N P t 
I F I S D t l I t ) . G E . 0 . ) GO TO 8 
S D t l I t ) = . l * E S T P t l I t ) 
I F I S D t l l t ) .EO. 0 . ) S D t l l t l ' . l 

8 P t I I t l ' E S T P t I I t ) 
R t l I t l ' P t I I t ) 
DO l O J J t = l , N P t 
I I t ' I t 
H t l I I t , J J t I ' O . 
IF ( I l t . E Q . J J t ) H t l d t . J J t l ' S D t d t ) * S D t ! I t ) 

10 CONTINUE 
R E A D d N t , l 0 0 2 ) Not , 
DO 12 I t ' l , N D t 

12 W t ( I t l ' l . 
ENO 
BL0CK3 

15 F t ' O 
END 
BL0CK4 

00 20 I t ' l . N P t 
20 G t l l t l ' O . 

DO 30 I I t ' l , N D t 
DO 25 J J t = l , N X t 

25 X t l J J t ) ' X O t l J J t , I I t ) 
END 
BLOCKS 

00000010 
00000020 
00000030 
00000040 
00000050 

YCtI Iltl'Yt 
DFt'YDtlI It)-Yt 
Ft'Ft«DFt*DFt*Wt(lit) 

SW2t,MSt00000050 
00000070 
C0000080 
00000090 
OOOOOIOO 
OOOOOllO 
00000120 
00000130 
00000140 
00000150 
C0000160 
00000170 
00000180 
00000190 
00000200 
00000210 
COO0022O 
00000230 
00000240 
00000250 
00000250 
00000270 
COCO028O 
C0000290 
00000300 
00000310 
C0000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
C0000490 
00000500 
00000510 
00000520 
00000530 
00000540 
CO00O55O 
00000560 
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MEMBER NAME SKFCN 
D F W t ' W t l I I t l * D F t * 2 . 
DO 30 I t ' l , N P t 

30 G t l I t ) = G t ( I t ) - G G G t ( I t ) * D F W t 
I F ( M M l t . N E . l ) RETURN 
F I N T t ' F t 
D E L T A t ' l . 
IDFt=NDt-NPt 
DO 33 I t ' l , N P t 
IF ( S D t d t l .EQ. 0 . ) l O F t ' l D F t t l 

33 CONTINUE 
C F t = I D F t / ( 2 . * F t ) 
DO 35 I I t = l , N P t 
G I N T t l I I t ) = G $ I I I t ) 
DO 35 J J t ' l . N P t 

35 Ht l l l t . J J t l ' H t d l t . J J t ) * C F t 
IF (E t .EO. 0 . ) E t = F t / l l O . * * 5 ) 
GQ TO 50 

45 IF I RSt .EO. 0.) RSt'SORTIFt) 
IF (Ft.GT.FSAVEt) RETURN 

50 FSAVEt'Ft 
DO 55 It=l,NPt 
P S A V E t l I t l ' P t I I t ) 
GSAVEtl I t l ' G t d t ) 
11 t ' 11 
DO 55 J J t ' l . N P t 

55 HSTORidl t . J J t I ' H t l I l t . J J t ) 
DO 50 I t ' l , N D t 

50 Y S A V E t ! I t l ' Y C t ! I f ) 
RETURN 

55 WRITE I 101,2001) 
WRITE!lOt,20001 
WRITE I I O t , 2 0 0 2 I I C A S E T t ! I t l , I t = l , 2 0 l 
WRITE I 101,20031 
IDF l 'NOt -NPt 
SEt 'FSAVEt / IDFt 
00 70 l t ' l , N P t 
1 1 t ' l t 
SSt=SQRTI2.*HST0Rt(1 11,1 I11*SE11 

70 WRITEI IQt ,2004)PNAMEt l l t I . E S T P t d J ) , P S A V e t d t l , S S t , G I N T t ! I t l , 
1 G S A V E t d t l 

WRITE d o t , 2 0 0 9 1 ( PNAMEt ( 111 ,1 1 = 1 , NPt I 
DO 73 d t ' l . N P t 
DO 72 J J t ' l . N P t 
IFIHSTORtlll t.ll tl.NE.0..4ND.HST0Rtl JJt.JJD.NE.O. )G0 TO 71 
CORRtlJJf)'0. 
GO TO 72 

71 CORRt!JJt) = HSTORt(III,JJt)/IS0RT(HSTQRt(IIt,Iltl I'SORT ( HSTQRt(JJt, 
1 JJtIII 

72 CONTINUE 

73 WRITE (lot,20101 PNAMEt(1111,(CORRt(JJ11,JJt=l ,NPt I 
WRITEI10t,2005IFlNTt 
WRITEIIOt,2007)FS4VEt 
WRITE (lot,2011ISEt,IDFt 
WRITEIlot,20061 
DO 75 Ilt'l.NOt 
0Ft=YDt(lltl-YS4VEJ(IIt) 

00000570 
000005 80 
00000590 
00000500 
00000610 
00000620 
00000630 
00000540 
00000550 
00000550 
00000570 
00000680 
C0000690 
00000700 
C0000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
O0CO082O 
00000830 
00000840 
C0000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
OOOOIOIO 
00001020 
00001030 
00001040 
00001050 
C0001050 
00001070 

ooooioeo 
00001090 
oocoiioa 
OOOOlllO 
00001120 
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MEMBER NAME SKFCN 
WSRt'WtlI Itl* 0Ft*0Ft 00001130 

75 WRITE!IOt,2008IYDt!IItl,YSAVEtlIlt).0Ft.WSt!IIt),WSRt. 00001140 
1 IXDtl JJt.dtl.JJt'l.NXt) 00001150 

END 00001150 
BL0CK6 00001170 

80 MMlt'3 00001180 
END 00001190 
BLOCK? 00001200 

RETURN 00001210 
1000 FORMAT! 20A4) 00001220 
1001 FORMAT (2E12.0) 00001230 
1002 FORMAT! 161 00001240 
2001 F0RMAT(29HIVARIABLE METRIC MINIMIZATION ) 00001250 
2002 FQRMATI/IH ,20A4/ ) 00001260 
2003 FORMATdSH PARAMETER NAME ,5X , 16H I NI T I AL EST IMATE, 5X, 11 HF INAL VALUE000012 70 

X,5X,iaHSTANDARD DEVI ATI0N,3X,37HINITIAL DERIVATIVE FINAL DERIVAT00001280 
1IVE /) 00001290 

2004 FORMAT I5X,A5.3X,1P3E19.5,2E21.S) 00001300 
2005 FORMAT!/ 46H INITIAL SUM OF THE WEIGHTED SQUARED RESIDUALS , IPE1500001310 

X.5I 00001320 
2007 FORMAT!/ 44H FINAL SUM OF THE WEIGHTED SQUARED RES I DUALS.IPE15.5/100001330 
2008 FORMAT !1P9E14.5/I70X,1P4E14.5 I I 00001340 
2009 FORMAT 1/ 19H CORRELATION MATRIX / 17X,915X,A6,3XI I I 00001350 
2010 FORMAT IIH ,A6,IP9E14.5/I7X,1P9E14.5 I I 00001360 
2011 FORMAT d 7 H CHI SQUARE VALUE,1PE15.5,5X,18HDEGREES OF FREEDOM,IIOI00001170 

END 00001380 
ENO 00001390 
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MEMBER NAHE DAVIDON . „, ,,,. 
COMMON H!40,40I.X!40I,G!40),SI40).XP!40I.GPI40I.TI40 
1 F.GS.EL.SL.FP,GSP,TO,Z,Q,A,GSS.FO.GTP.FB.GTT 
2 FAG.DELTA.E.P.C140,101,N,K,NC,NSSW1,NSSW2.MS 
COMM0N/VMM2/IY 

1 lY'l 
15 Ml'l 

MS=0 
100 IT'O 

CALL FCNtlN,G,F,X,Mll 
IF IMl.EQ.3l GQ TO 1000 
IF INSSWl .EQ. 0 I GO TO 120 
WRITE !6,8)IT,MS,F 
WRITE 1 6 , 1 0 1 1 X 1 I ) , I ' 1 , N ) 
WRITE ! 6 , 1 3 ) ! G ( I ) , I ' 1 , N ) 

120 IF (NC.EQ.O) GO TO 151 
DO 150 J '1 ,NC 
CALL MATMPY ( N , N , H , C ( 1 , J ) , S ) 
CALL M A T M P Y ! l , N , S . C ! l , J ) . T O ) 
IF I M l . N E . 1 .AND. TQ . L E . E) GO TO ISO 

130 OO 140 I I ' l . N 
DO 140 JJ=1,N 

140 H ! I I , J J ) = HI I I , J J I - S d l 1 * S ! J J I / T 0 
150 CONTINUE 
151 CONTINUE 

Ml = 2 
200 CALL READY 

IF IL-2 ) 570,300,500 
300 CALL AIM 

IF IL.NE.1) GO TQ 500 
400 CALL FIRE 

IF IL.GT.2) GO TO 300 
500 CALL DRESS 

GQ TO 120 
570 Ml=4 

CALL FCNt!NfG.F,X,Ml) 
Ml'2 

580 CALL STUFF 
IF IL.EO.II GO TO 100 

800 Ml=3 
IF!NSSW1.NE.0IWRITE!5,12IGS 

900 IFINSSW2.NE.0I WRITE I 7 , 3 I ! X d I , 1 = 1 ,NI 
CALL F C N t l N , G , F , X , M l l 
GO TO 15 

1000 REWIND 6 
RETURN 

3 FQRMATI6E12.SI 
8 F0RMAT(4HIIT 14.7H STEP 14,4H F=E14.5I 

10 FORMAT(3H0X=8E14,5/(3H0 8E14,5I) 
12 FQRMAT(5H GS=,E14.5) 
13 F0RMAT(3H0G=8E14.5/!3H0 8E14.5I) 

END 
SUBROUTINE READY 
COMMON HI40,40),X!40I,G!40I,SI40I,XP!40),GPI40),TI40 

1 F,GS,EL.SL,FP,GSP,T0,2,Q,A,GSS,F0,GTP,FB,GTT 
2 FAC.DELTA,E,P,CI40,10I,N,K,NC,NSSW1.NSSW2.MS 

).061401,00000010 
,GSB, 00000020 
.IT.Ml.L 00000030 

00000040 
00000050 
00000060 
00000070 
00000080 
00000090 
OOOOOIOO 
OOOOOllO 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000250 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000350 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000450 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 

I.GBI40I.00000530 
.GSB. 00000540 
,IT,M1,L 00000550 

00000560 

http://IMl.EQ.3l
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MEMBER NAME DAVIDON 
200 L=l 

CALL MATMPY!N,N.H,G.SI 
00 205 1=1,N 

205 SI I I= -SII I 
CALL MATMPY!1,N,S,G,GS) 
IF IGS*E) 210.240.240 

C 
210 L=2 

EL=2.0 
T0'EL»F/GS 
IF ITO»EL) 213, 213, 212 

212 EL'-IO 
213 SL'-GS 

00 215 I'l,N 
215 XPI I )'Xd l»EL*SI I I 

CALL FCNtlN.GP.FP.XP.Ml) 
CALL MATMPYIl.N.S.GP.GSP) 
IF l-GSP) 240,240,220 

220 IF IF-FP) 240,240,225 
C 

225 L»3 
IFINSSWl.NE.OIPRINT 1 
FB'FP 
DO 230 I'l.N 
GBIII'GPI I I 
TlII'XPII I 

230 CONTINUE 
IF IEL-2.01 240,235,240 

C 
235 L'4 

0ELTA'0ELTA*DELT* 
TO'l.O/SL 

C 
240 RETURN 

1 FORMATIIOHOUNOERSHOTI 
END 
SUBROUTINE AIM 
COMMON 
1 
2 

C 

300 L'l 

H!40,40I,XI40I,G!40I.SI40I.XPI40I.GPI40I.TI40).GB!40I 
F.GS.EL.SL,FP,GSP,TO,Z,Q,A,CSS,FO,GTP,FB,GTT,GSB, 
FAC,0ELTA,E,P,C140,10I,N,K,NC,NSSW1,NSSW2•MS,IT,Ml,L 

2'3.0/EL*!F-FP)»GS*GSP 
O-ABS (Z*SQRT Il.O-lGS/ZI*IGSP/ZI I I 
A'IO-Z»GSPI/!Q*Q-GS*GSPI 
TO'EL/3.0*!Q»Q*Z»GSPI*A*A 
FO'FP-TO 
CALL M A T M P Y I N , N , H , G P , T I 
DO 305 I'1,N 

305 TlI)'IGSP/SL)*S!I)-T!I) 
CALL MATMPY!1,N,T,GP,GTPI 
IF IT0*T0«GTPI 315,310,310 

310 DO 312 I'l.N 
312 T d l=XPIII*A*IX( I )-XP(I ) ) 

GO TO 340 
315 IF !F»F*GTP) 310,320.320 

00000570 
00000580 
00000590 
00000600 
00000610 
00000520 
00000630 
00000640 
00000550 
00000550 
00000670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000930 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
C0000970 
00000980 
00000990 
00001000 
OOOOIOIO 
00001020 
00001030 
00001040 
00001050 
00001050 
00001070 
00001080 
00001090 
OOOOllOO 
OOOOlllO 
00001120 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME DAVIDON 
320 DO 322 1=1.N 
322 Tl I ) = T!I)*XP!I) 

CALL FCNtlN.GB,FB,T,Mll 
IF IFO-FB) 310,325,325 

C 

325 L'3 
IF INSSWl.NE.OIPRINT 1 
00 327 1=1,N 

327 SI I I'T!II-XPIII 
CALL MATMPY!1,N,S.GB,GTTI 
GTT'GTT-GTP 
IF IGTTI 340,330,330 

C 

330 L=2 
GSS'GTT 
SL=-GTP 
EL'1.0 

C 
340 RETURN 

1 FORMAT I9H0RIC0CHET) 
END 
SUBROUTINE FIRE 
COMMON H140.40 I,X140),G140 I,SI 401 
1 F,GS,EL,SL,FP,GSP,TO,Z,Q, 
2 FAC,DELTA,E,P,C(40,101,N 
EQUIVALENCE (TEMP,GTTI 

C 
400 L'l 

TEMP'A/ll.O-A) 
CALL FCNt!N,GB,FB,T,Ml) 
CALL MATHPYI1,N,S,GB,GSB) 
TO'F 
IF ITO-FP) 403, 403, 402 

402 TO'FP 
403 IF !T0-F8*E) 415, 4C5, 405 
405 GSS'QtQ 

T0'GSB*ITEMP-1.0/TEMP) 
IF (ABS (TO)-QI 430,410,410 

C 
410 L=2 

GQ TQ 440 
C 

415 L'3 
IF IFP-FI 425,420,420 

C 
420 IFINSSWl.NE.O) PRINT 1 

EL'!l.O-AI*EL 
FP'FB 
GSP'GSB 
DO 422 I'l,N 
XPIII'TII) 
GP(II'GBII I 

422 CONTINUE 
GQ TQ 440 

C 

425 IFINSSWl.NE.O) PRINT 2 

00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 

,XPI401,GP140 1,7 140 I,GBI401,OOOOI350 
A,GSS,FO,GTP,FB,GTT,GSB, 00001350 
K,NC,NSSWI,NSSW2,MS,IT,M1,L 00001370 

00001380 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001450 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001550 
00001570 
00001680 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME DAVIDON 
EL=EL*A 00001690 
F'FB 00001700 
GS=GSB 00001710 
DO 427 I'l.N 00001720 
XID'TII) 00001730 
GID'GBIII 00001740 

42? CONTINUE 00001750 
GO TO 440 00001750 

C 00001770 
430 GSS'GSS*T0 00001780 

DO 435 I'l.N OOO01790 
435 Gl II'lGB!I)-G!I)l*TEMP«IGPII l-GB(I I I/TEMP 00001800 

C 00001810 
440 RETURN 00001820 

1 FORMATIIOHOMOVE LEFT I 00001930 
2 FORMAT dlHOMOVE RIGHTI 00001840 

END 00001850 
SUBROUTINE DRESS 00001850 
COMMON HI40.40I.XI40I.GI40I.S!40I,XP!40I,GP!40),TI40),GBI40),000018 70 
1 F,GS,EL,SL,FP,GSP,TO,Z,Q,A,GSS,FO,GTP,FB,GII,GSB, 00001880 
2 FAC,0ELTA,E,P.C!40,10),N,K,NC,NSSWl,NSSW2,MS,ir,MI,L 00001890 

C 00001900 
500 GO TO 1505,520,530,5251. L 00001910 

C 00001920 
505 CALL HATMPYIN,N,H,G,X) 00001930 

CALL MATMPY!1,N,X,G,TO) 00001940 
IF IT0-GSS**2/SL-E) 515,510,510 00001950 

510 DO 512 II'1,N 00001960 
DO 512 JJ'l,N 00001970 

512 HI II,JJI'HIII,JJI-X(II l*XIJJI/TO 00001980 
DELTA'OELTA*!EL*GSS/TOI 00001990 
TO'EL/GSS 00002000 
GO TO 525 00002010 

(; 00002020 
515 IFINSSWl.NE.OIPRINT I 00002030 

(• 00002040 
520 DELTA'DELIA*IEL*SL/GSS) 00002050 

TO=EL/GSS-l.0/SL 00002060 
r • 00002070 

00002080 
00002090 

525 DO 527 II'l.N 
DO 527 JJ'l.N „„„-,,„„ 

527 HI II,JJ)'H!I1,JJ)*T0*S!II)*S!JJ) 00002110 

00002120 
00002130 

530 IT'IT»1 

I^^NSSWl.NE.OI PRINT 4, IT,MS,F,GS 00002150 

00002150 
0000217C 

,,, ,„.,T,,,.,c 00002180 
532 CONTINUE 00002190 

IF INSSWl) 535,540,535 00002190 
535 PRINT 2, 1X1 I 1,1=1,Nl 

PRINT 3, DELTA 

00 532 I'l.N 
GlII'GBI1 I 
X! I I'll I ) 

540 RETURN 
I FQRMAT(9H0C0LINEARI 

00002200 
00002210 
00002220 
00002230 
00002240 
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LISTINGS FOR TRANSLATOR 

MEMBER NAME DAVIDON 
2 F0RMATI3H0X'8E14.5/I3H0 8E14.S)) 
3 FORMATI7H0DELTA'E14.5/2OH0 ' 
4 F0RMATI4H0IT 14,7H STEP 14,4H F'E14.5.5H GS'E14.5) 

END 
SUBROUTINE STUFF , , ,,,„, ,-„,,„, 
COMMON H!40.40).XI40).GI40I,SI40).XPI40).GP!40),TI40),GB!40), 
1 F,GS,EL,SL,FP,GSP.TO.Z.a.A.GSS,FO.GTP.FB,GTT,GSB, 
2 FAC.DELTA,E,P,CI40,10),N,K,NC,NSSWl,NSSW2,MS,IT,Ml,L 
COMM0N/VMM2/1Y 

C 
600 L=2 

K'K-1 
IF IK) 640,61C,51C 

C 
610 L'l 

MS=MS+l 
IF INSSWl .NE. 0) WRITEI6,1)MS,DELTA,GS 
DO 620 1=1,N 
CALL RANDU I IY,YFLI 

620 T!II=YFL-.5 
CALL MATMPYIN,N.H.I.SI 
CALL MATMPYd.N,S.T,EL) 
EL = P/SORT I EL) 
00 630 I'l,N 

530 XI D'XI II»EL*SI II 540 RETURN 
1 FORMAT!13H0RANDOM STEP 14,8H 
END 
SUBROUTINE RANOUdX.YFLI 
IY= IX*65539 
IF ! I Y ) 5 , 5 , 6 

5 IY=IY»2l47483647*l 
6 YFL'IY 

YFL=YFL*.46 56613E-9 
IX=IY 
RETURN 
END 
SUBROUTINE MATMPY!M,N,H,G,SI 
DIMENSION HI40,40I,G!40I,S!40) 

700 00 720 11=1,M 
SI II1=0.0 
DO 720 JJ=1,N 

720 S!III=H!JJ,II)*GIJJ)«S!II) 

740 RETURN 
END 

DELTA=E14.S,5H GS'E14.5) 

00002250 
00002250 
00002270 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
00002340 
00002350 
00002360 
00002370 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002450 
00002470 
00002480 
00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002550 
00002550 
00002570 
00002580 
00002590 
00002600 
00002610 
00002620 
00002630 
00002640 
00002550 
00002560 
00002670 
00002680 
00002590 
00002700 
00002710 
00002720 
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LISTINGS OF CATALOGED PROCEDURES 

MEMBER NAME VMMCLG 
//VMMTR EXEC PGM'IEHPROGM 
//PRGG DD DSNAME'C14S.B12533.T?120.SYSLMOD!VMMTR) , 
// DISP=OLD,UNIT'OISK,VOLUME'SER'ODDJOB 
//SYSPRINT DD DSNAME'C145.B12533.T7120.VMMTR, 
// DISP'OLO,VCLUME'REF=».PRGG 
//SYSIN DO DUMMY 
//GO EXEC PGM'*.VMMTR.PRGG 
//SYSPRINT OD SYS0UT'A,DCB'IRECFM'FBA,LRECL'133,BLKSIZE'798) 
//SYSPNCH OD UNIT'ISYSCP,,DEFER),DC8'IRECFM'F,BLKSIZE'80I 
//RDFILE 
// 
//CDFILE 
// 
//PROG 
// 
//FTH 
//SYSPUNCH 

DD OSNAME'C145.B12533.T7120.SOURCEISKFCN), 
01SP'OLO,VOLUME'REF=*.VMMTR.PRGG 

00 DSNAME'C14 5.B12 53 3.T7120.PDAT, 
0 ISP'OLO,VOLUME'REF'*.VMMTR.PRGG 

DO OSNAME'C145.B12533.T7120.FORT, 
01SP'OLO,VOLUME'REF'*,VMMTR.PRGG 

EXEC PGM'FORTRANH 
OD UNIT'ISYSCP,.DEFER) 

//SYSPRINT DD SYS0llT=A,0CB'!RECFM'FBA,LRECL'133,BLKSIZE'798) 
//SYSLIN DD OSNAME'SYS1.SYSLIN,OCB'IRECFM'FB,LRECL'80,BLKSIZE'3200) 

DISP=IOLD,PASS) 
00 DSNAME'SYSl.SYSUTl.DISP-OLD 
OD OSNAME'C145.B12533.T7120.FORT, 

DISP'OLD,VOLUME'REF'*.VMMTR.PRGG 
EXEC PGM'LINKEDIT,C0ND'I5,LT,FTHI,PARM="LI ST,MAP" 
DD SYS0UT=A,DCB'IRECFM=FBA,LRECL=121,BLKSIZE-726I 
DD OSNAME'SYSl.SYSUTl,DISP=aLD 
00 DSNAME=*.FTH.SYSLIN,DISP'OLD 

00 DSNAME'C145.B12533.T7120.EDT, 
01SP'OLD,VOLUME'REF'*.FTH.SYSIN 

DD DDNAME'SYSIN 
DSNAME=SYS1.F0RTLIB,UNIT*2314,V0LUME'SER'SYSLIB,DISP 
UNIT=0ISK,SPACE'(TRK,(99.5.4)).0ISP'I.PASS) , 
OSNAME'tCGIOVDN) 

OSNAME'C145.812533.T7120.SYSLMOO. 
DISP'OLO.VOLUME'REF=*.FTH. SYSIN 

EXEC PGM'*.EDT.SYSLMCO,COND'lI5,LT,FTH),I5,LT,EDT)) 
DD DSNAME=C145.B125 33.T7120.DATA, 
DISP'OLD,VOLUME'REF'*.FTH.SYS IN 

DD SYS0UT'A,0CB'IRECFM'FBA,LRECL'133,B^KSIZE'?98I 
DD UNIT'ISYSCP,.DEFER) 
DD DSNAME=C14 5.B12533.T7120.DATA. 

DISP'OLD,VOLUME'REF'*.FTH.SYSIN 
DO OSNAME'C145.B12533.T7120.TDAT, 

DISP'OLD,VOLUME'REF'*.FTH,SYSIN 
DD OSNAME'C145.812533.T?120.XDAT, 

DISP'OLD,VOLUME'REF'*.FTH.SYSIN 
DD DSNAME'C145.B125 33.T7120.XDAT, 
01SP'OLD,VOLUME'REF'*.FTH.SYS IN 
DO SYS0UT'A,0CB'!RECFM'FBA,LRECL'133,BLKSIZE'798) 

DD OSNAME'C145.B12533.77120.PDAT. 
01SP'OLO,VOLUME'REF'•.FTH.SYS IN 

II 
//SYSUTl 
//SYSIN 
II 
//EDT 
//SYSPRINT 
//SYSUTl 
//SYSLIN 
II 
II 
II 
//SYSLIB 
//SYSLMOD 
II 
//LIB 
II 
//RUN 
//FTOSFOOl 
II 
//FT06F001 
//FTOTFOOl 
//CDFILE 
II 
ine»p 
II 
//XTFILE 
II 
//FTClFOOl 
II 
//SYSPRINT 
//SYSIN 
II 

DD 
DD 

00 

00000010 
C00000020 
00000030 

C00000040 
00000050 
00000050 
00000070 
00000080 
00000090 

COOCOOIOO 
OOOOOllO 

C00000120 
OOOOOllO 

C00000140 
00000150 
00000160 
00000170 
00000190 

C00000190 
00000200 
00000210 

C00000220 
00000230 
00000240 
00000250 
00000250 
00000270 

C00000280 
OOC00290 
00000300 

•OLD 00000310 
CO0O0O320 
00000330 
C00000340 
00000350 
00000350 

CO0OO037O 
00000380 
00000390 
00000400 

CCOC00410 
00000420 
C00000430 
00000440 

C00000450 
00000460 

C00000470 
000004 60 
00000490 
C00000500 
00000510 
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LISTINGS OF CATALOGED PROCEDURES 

MEMBER NAME VMMLG 
//EDT EXEC PGM=LINKEDIT,PA 
//LIB D 
// 
//SYSPRINT 
//SYSUTl 
//SYSLIB 
//SYSLHQD 
II 

DISP'OLD,UNIT'D 
DD SYSQUT=A.CCB=(R 
DD DSNAME=SYSl.SYS 
DD OSNAME'SYSl.FOR 
DO UNIT'DISK.SPACE 

DSNAME'CCGIG) 

RM'"LIST.MAP' 
DSNAME'C145.B12533.T7120.SYSLMOO, 
ISK.VOLUME'IPRIVATE.RETAIN.SER'QDDJQB 
ECFM=FBA.LRECL=121.BLKSIZE'725) 
UTl,DISP'OLD 
TLIB.UNIT'2314.V0LUME'SER=SYSLIB.DISP 
'ITRK.199.5,11 I,DISP'I,PASSI, 

//SYSLIN DD DSNAME'C145.B12533.T7120.EDT, 
"IPRIVATE,RETAIN,REF'*.LIBI II 

II 
IIGO 
//FTOSFOOl 
II 

DISP'OLD,VOLUME 
DD DDNAME'SYSIN 

EXEC PGM'*.EDT.SYSLM 
DD DSNAME'C14S.B 

01SP'OLD,VOLUME 
//FT05F001 DD SYSOUT=A,DCB=lR 
//FT07F001 DO UNIT=!SYSCP,,DE 
//CDFILE DD DSNAME=C145.B12 
II 
//TEMP 
II 
//XTFILE 
II 
//FTOlFOOl 
II 
/ /SYSPRINT 

DISP=OLO,VOLUME 
DD 0SNAME=C145.B12 

DISP'OLD,VCLUME 
DD DSNAME'C14S.B12 

DISP'OLD,VOLUME 
DD DSNAME'C145.B 
DISP'OLD,VOLUME 

DD SYSOUT=A,DCB' 

QD,COND'IS,LT,EOTI 
12533.T7120.DATA, 
'!PRIVATE,RETAIN,REF'*.EDT.LIB) 
ECFM'FBA.LRECL'133,BLKSIZE'798) 
FER) 
533.77120.DATA. 
'IPRIVATE.RETAIN,REF=*.EDT.LIBI 
533.T7120.TDAT, 
IPRIVATE,RETAIN,REF=*.EDT.LIBI 

533.T7120.XDAT, 
=!PRIVATE,RETAIN.REF=*.EDT.LIBI 
12533.T7120.XDAT, 
=IPRIVATE,RETAIN,REF=*.EDT.LIBI 
IRECFM=F6A,LRECL=133,BLKSIZE=79 8I 

OOOOOOIO 
C00000020 
00000030 
00000040 
00000050 

=0L0 00000060 
C00000070 
00000080 

C00000090 
OOOOOIOO 
OOOOOllO 
00000120 

C00000130 
00000140 
00000150 
00000160 

C00000170 
00000180 

C00000190 
00000200 

C00000210 
00000220 

C00000230 
00000240 
00000250 

http://533.T7120.XDAT


79 

ACKNOWLEDGMENTS 

I wish to thank Janet Anderson for writing the precoded FORTRAN 
skeleton and making many tests of the system, and J. R. Gabriel for giving 
much helpful advice during the writing of this t ranslator . 

REFERENCES 

1. Davidon, William C , Variable Metric Method for Minimization, 
ANL-5990 (Rev. 2), Feb 1966. 

2. Garbow, Burton S., Variable Metric Minimization, Internal Report 
ANL-Z0I3 , Aug. 9, 1965. 

3. Gabriel, J. R., and Gabriel, M., Chemical Equation Translator, 
P rog ram 08T7019, Sept. 25, 1967" 

4. Anderson, J. H., documentation of FCN$ still in progress . 






